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Iron-furnaces, Ch&nda, vi, 79. 

Chitapurn, Ellorc, v,^2 6. 

Iron ore. Northern Rtyputina, x, 91. 

Pegn, Martaban, and Tenasserim, ii, 88 ; 
vi, 91. 

Koranpura, iii, 77. 

Gwalior, iii, 41. 

Chitapurn, Ellore, v, 26. 

Hormuz, v, 42. 

Poliram, iv, 114. • 

Talchir, v, 64. 

Raniganj, Analyses, vii, 26, 123. 

Bissi, Ch&nda District, vi, 78. 


Iiohara, „ vi, 7 £. 

Pipalgaon, „ vi, 78. 

Ratnapur, „ vi, 78. 

Wun, iii, 77. 

Kumaun, ii, 87, 88; iv, 19. 
Loshgiani, Kumaun, vii, 16. 

Pihli, „ vii, 16. 

Khairna, „ vii, 17. 

Natua Khan, „ vii, 17. 

Parwira, „ vii, 17. 

KWdhungi, „ vii, 18. 

KalCtfigarb, „ vii, 18. 

Tatail, „ vii, 18. 

Deb*Clmuri, „ vii, 19. 


Iron ore, Sambalpur District, viii, 120. 

Sangar Marg, Jamu, ix, 54. 
pyrites in Dambal Hills gold tract, vii, 
136, 187, 140. 

Ironstone-measares, Raniganj field, vii, 25. 
Itacolumyte, vii, 80. 


J 

Jabalpur— Copper and lead, iii, 70. 
geology of, v, 115. 

group, iv, 75 ; Flora of, ix, 125 ; Glossop- 
teris in the, x, 140. 

Jade, Knrakash, vii, 51, 

South Mirzapur, v, 22. 

Jaipur (Vizagapatam), metamorphics, x, 184. 
Vindhyans, x, 177. 

Jalgars or gold-washers in Belgaum and Db&r- 
war gold tracts, vii, 137, 141. 

Jolna, i, 62. 

Jamu (Jummoo) Hills, ix, 49. 

Jashptir — Coal said to occur near, iii, 72. 
Jenkins, on geology of Sind, ix, 10. 

Jesalmir, x, 15. 

limestones, x, 19. 

Jilga, a valley -plain, viii, 15- 
Jodhpur, x, 12. 

sandstones, x, 12, 18. 

Jogitand (Karharbali), fossil plants, x, 137. 
Jointing, at Jabalpur, v. 77. 

Joulee iron mines (Jabajpur), v, 9. 

Juggiapett (Kistha District) rocks, ii, 9. 

Supposed coal, ii, 25 ; vii, 3 ; viii, 4. 
Jummulmuddagu limestones (Karuul series), 
ii, 8. 

Jurassic rocks, Bombay Presidency, v, 87. 
Madras, iii, 11, 14, 15. 

Kachb, ii, 53 ; ix, 80; x, 98. 

Hazara, x, 129. 

Salt Range, x, 126. 

Cephalopoda of Kachh, ix, 81. 


K 

Kachb, ii, 51 ; v, 95, 98; ix, 20, to. 
alluvium of, v, 99. 
ammonite fauna of, iv, 89. 
classification of Jurassic rocks, ix, 80. 
fos^l localities, ix, 81. 
series (group) — Flora of, ix, 29, 41. 
localities with fossil plants, ix, 34. 
tertiaries compared with those of Sind, 
ix, 20. 

K&dapah uud Karnul Beries — Sketch of, ii, 5, 
seq. ; Central Provinces, x, 66; Nizam’s 
Dominions, x, 56 ; near Madras, iii, 15, 
17. 

District, Madras Presidency— Dia- 

monds, lead, limestone, quartzites, 
slates, trap-flows, ii, 6, 6,9; iudica* 
tions of coal, iv, 17. 

Kalahfcndi, metamorphics, x, 183. 

Kalar land, vi, 12. 

Kalu Ri$ec, Giro Hills, i, 15. 
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Kamarum (Nizam's Dominions) coal-field, v, 
60, seq. 

Kamthi group, iv, 78 ; x, 171; in Hingir, iv, 
107 s viii, 112 $ Godavari valley, iv, 49, 
60, 108 1 v, 28, 113; via, 169. 

Nizam's Dominions, v, 46, 68 ; x , 60, 61. 
Kankar — Analyses, vii, 123. 

employed in Birbhfim iron works, vii, 
124. 

Kapipatgodo — Local name of main mass of 
Dambal Hills, DhArwar, vii, 133. 
series of gueissic rocks, vii, 134. 

Kara k pur hills, ii, 43. 

Karewah deposits of Nepal, viii, 99, 100. 

Karh urban coal-field — Flora of the, x, 137. 
Kuriul (Raipur), metamorphics, x, 183. 

Karibari, Garo Hills, i, 15 ; vii, 68. 

Karnul District, Madras Presidency— Clay- 
slate ; copper, diamond and lead-mines ; 
limestones, quartzites, shales, trap- 
flows, ii, 6 ; eeq. 

« series, ii, 5, seq. ; x, 56. 

Karteru intertrappeau fossils, vii, 158, seq. ; x, 
56. 

Kusauli group, ix, 50. 

Kdsbgar, vii, 49, 81. 

Katak (Cuttack), v, 59, 60. 

Katmandu, Nepal Valley, viii, $3. 

Kattiuw&r, v, 95, 98; ix, 20. 

Katrol group, ix, 80. 

Kawarsa — Estheria beds, x, 28. 

Kesla ( Den wa group) x, 140. 
Kcunjur, v, 62. 9 

Khadar land, vi, 9. 

K Adder a (ravines), x. 111. 

* Khaire Murat, x, 114. 

Kliuppa boring, viii, 68. 

Khurak Island, Persian Gulf, v, 45* 

Kharian Hills, viii, 46. 

Kh£sia Hills— Formations of, ii, 10. 

Coal near Moflong, viii, 86. 

Khirth&r group, ix, 9, 11, 21. 
fossils, ix, 13. 
range, ix, 8. 

Khoondair limestone, ii, 7. 

Kieserite, Mayo mines, vii, 64. 

Kinarswdmi stream— Coal on, if, 82. 

Kislrni Island. Persian Gulf, v, 42, 45. 

Kistna District, Diamond twines, ii, 9; Gar- 
netiferous gneiss, vii, 160 ; Goud- 
wanas, vii, 159 ; x, 56, 58 ; Graphite, 
vii, 160 ; Limestones, ii, 9 ; Tourmaline 
taken for coal, vii, 160. 

Klipstein collection purchased, i, 8. 

Koi tribe (God&vari Valley), v, 46. 

Komaljore (Lumki) Hill, Karharbfiri, fossil 
plants, x, 137. 

Konkan — Geology of, iv, 44. 

Korba coal, iii, 54, x, 172. 

Korumbas (gold miuers of Wynad), viii, 30. 
Kota beds — Estheria in the, x, 29. 

Limestone, and Maleri beds, x, 62. 
Kota-Maleri beds — Vertebrata of, x, 36. 
Krishnav&ram, v, 25. 

Krol group, vi, 14. 

Kucbri— Ammonite bed of, x, 20. % 

Kumaun — Minerals of, ii, 86 ; iv, 19 ; vii, 16. 
Kumbari coal, i, 24. s' 


Kumerdhubi — Fossil plants from, x, 73. 
Kumnmmmett (Nizam’s Dominions) — Note oh, 
v, 46. 

Kualacheroo fossil s, Lower Good wanas; vii, 159. 
Kurhurbali, see Karharbari. 

Kyanite schist, v, 25. 


Ii 

Lad£k to Shah-i-Dula, vii, 12. 

Lnkisarai Hills, ii, 43. 

Lameta group, Central Provinces, iv, 76. 
at Jabalpur, v, 115. 

Bombay Presidency, v, 88. 

Dudkuru and Gowripntnam (Godavari 
District)— Fossils of, vii, 159. 

Laterite, as a building stone, vii, 119. 

implements found embedded in, iii, 13. 
Madras area, iii, 12. 

Nellore, Arcot, Triehinopoly, iii, 13. 
Raigarh and Ilingir, viii, 118. 
t Konkan, iv, 44. 

^lalwa, i, 72. 

Ellore, v, 27. 

Gwalior, iii# 41. 

Yeofcmahal, i, 64. 

Deccan, v, 97. 

Konkan, v, 99. 

M4hanadi basin, x, 169. 

Orissa, v, 59. 

Lathi, x, 14. * 

Lead, phosphate of, from Martaban, vi, 94. 
See Galena. 

Lepidolite, in granite, N. Hazaribdgh, vii, 43. 
Leucopyrite, in granite, N. Hazdribagh, vii, 43. 
Library — A quarterly list of additions is giveit 
in each number. 

Lignite, Kumaun, ii, 88. 

Limestone, as a building stone, vii, 110. 
Bisrampur, vi, 41. 

Northern Haz&ribagh, vii, 34. 

Kuunftin, vii, 17, 19. 

Panchet Hill, vii, 124. ■ 

Ranigunj, south of Darnuda River, vii, 
124. 

Barakar, x, 148. 

South Mirzapur, vi, 42. 

Gwalior, iii, 42. 

Dtftnbol Hills, Dhdrwar, vii, 134. 

Madras Presidjpncy and adjacent ter- 
ritories — Coralloid of Ktmiul series 
ii, 10; Dboor (Kadapah District), ii, 
7 ; Karteru (Godavari District),* vii, 
158; Khoondair (Kadupah and Karnul), 
ii, 7; Kota (Central Provinces), x, 62 ; 
Nerjee (Kadapah District), ii, 8; 
Palnad (Kistna District), ii, 9; 
Pangadi (Godavari District), vii, 158, 
Lingala (Godivari), iv, 50, 59, 66, 109. 

Littoral concrete, Bombay Presidency, v, 101. 

Persian Gulf, v, 45. 

Lohfira— Iron ore, vi, 78. 

Lokartalai — Coal, iv, 68; viii, 69. 

Lowo, x, 18; shales of, x, 17. 

Lumki Hill Komaljore)— fossil plants, Karluyr- 
b&ri, x. 137. 

Lunar Lake, i, 62* 
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I^uni-Puthan coal, vii, 145. 

Ltuti River, x, 12. 

M 

Macbna — Coal-measures on, viii, 78. 

M&crotqwiopteris, 

JTabulpur group, ix, 128. 
li^jradhal group, is, 36. 
dantEoides, U, 74. 

Feddeni, ix, 137. 

Mddavdram, iv, 50, 60, 111, 113. 

Madras Presidency and adjacent territories — 
Alluvium, iii, 12 ; Coal (Beddadanole, v, 112; 

vi, 57 ; Kamarum, v, 60 seq.; Singareni, v, 
65 Beq.) ; Copper, traces of (Kadapah and 
Karnul Districts), ii, 6; Diamonds (Kadapah 
and Karnul), ii, 5, 9; Malaily (Nizam's 
Dominions), x, 68 ; Possiliferous beds (Kistna, 
Goddvari, apd Yiztigupatam Districts), \ ii, 158 
seq. ; x, 55 seq. ; Gneiss (Goddvari and Kistna 
Districts, Nizam's Dominions), vii, 160; viii, 
37, 88; x, 66; Gold (S. E. Wyndd), sviii, 
29 seq. ; Goud^gdnas (Goddvari, • Kistna, 
and Vizagnp&tam Districts, Nizam’s Domini- 
ons, Central Provinces), 1, 46 seq., 65 seq., 
112 seq. ; vi, 57 seq. ; vii, 158voeq. ; x, 55 
seq. ; Graphite, traces of (Goddvari and Kist- 
na Districts), vii, 160; Lametas (Goddvari 
District), vii, 159 ; Lead (Kadapah and Kar- 
nul Districts), ii, 6 ; Limestones (Godd- 
vari, Kadapah, Karnul, and Ktatna Districts, 
Nizam's Dominions), ii, 5 seq. ; v, 55 ; vii, 
158 ; Sandstones (Goddvari, Kistna, and 
Vizngnpatam Districts, Nizam’s Dominions, 
Central Provinces), v, 46 seq., 65 seq., 112 
seq. ; vi, 67 seq. ; x, 65 seq. ; Slates and 
clay-slates (Kadapah and Karnul Districts), 
ii, 5 Beq. ; Tertiaries (Goddvari District), 

vii, 158 ; Upper Jurassics (Vizagapatam Dis- 
trict), vii, 169; x, 57, 59; Vindhyan Series 
(Goddvari, Kadapah, Karmil, and Kistna Dis- 
tricts, Nizam's Dominions, Central Provinces)* 
ii, 6 ; v, 63, 65, 67, 69 ; x, 56, 62, 63. 

Magnesian sandstones — Salt Range, x, 125. 

Magnetite, South Mirzapur, v, 22 ; vi, 43. 
Dambal Hills, vii, 140. 

Raniganj held, vii, 25. 

Mahadeva series, iii, 64 ; iv, 76; v, lip; viii, 73. 
Orissa, v, 58 ; x. 170. * 

Bisrdmpur, vi, 88.* 

Mdhanadi basin — Geology of, x, 167-186. 

Main Pdt, iii, 71. 

Makrdn Coast— -Geology of, v, 41, 
group, v, 43 ; ix, 19, 21. 

Mahdbar Hills, ii, 42. 

Malabar District— Gold-fields, viii, 29. 

Maldni, x, 11. 

beds, x, 17. 

Maleolmsou, oil geology of Godavari, iv, iii. 
on Lunar Lake; i, 63. 

Maleri— Fossiliferous strata, ix, 86 ; x, 56. 

/Mdtwa, i, 69 j viii, 56. * 

Mammalian remains, Goddvari gravels, i, 61 ; 

. Narbada valley, ix, 88. 

4 % Manchhar group of Sind, ix, 91. 
older Jamna alluvium, ix, 87. 

Siwaliks of Kushalghafjix, 98. 


Mammalian remains, Sub-Hitnalaynn Siwaflk^ 

ix, 90. 

Tertiaries, Pegu and Burma, ix, 90, 91. 
Tertiaries, Periip Island, ix, 91. 
new to Sind Siwaliks, x, 76. 
new or rare, from Siwaliks, x, 76. 
recent and extinct Siwalik genera, ix, 95. 
Mammaliferous rocks of India, ix,' 87* 
Manchhar group, ix, 9, 17. 

Mandan beds, Arvali series, x, 89. e 

Mandesor, i, 70. 

Mand river — Coal in, iii, 71. 

Manganese, in iron ore, Itajputana, x, 91. 
Wardha coal-field, vii, 125. 

Bhimgarh, Belgaum District, vii, 125, 
Maugli beds, i, 64, x t 27. 

Estheria in the, x, 26. 

Mania — Phalange of, ix, 106. 

Maps — Scale for publication, vii. 10. 

Marblo ns a building^tone, vii, 106 ; v, 20. 
Martaban, vi, 90. 

Muskat or Muscat, v, 75. ; 

Massandim, v, 75. 

Mastodon ( Trilophodon ) falconeri — Molars, 

x, 83. 

Mathadi, fossil plants, Karhnrbdri, x, 137. 
Megalosaurus — Tooth of, x, 41. 

Mery copot amoid — Upper molar of u new genus, 
x, 78. 

Merycopotamus dissimitis - Axis and astragalus- 
of — compared with those of Uyopo - 
tamus , x, 34. 

Osteology of, ix* 145 
nanus , equivalent to Dorcatherium , 

ix, 105. 

Position of genus, ix, 153. 

Metamorphic rocks, Madras area, iii, 11. 
Bombay Presidency, v, 84. 

Bengal, ii, 40. 

Northern Hazdribdgb, vii, 33. 

Orissa, v, 57. * 

Mahanadi basin, x, 181. 

Meteorites, i, 17, 39, 72 ; ii, 20, 34, 101 ; 
iii, 104. ■ 

Meunier, S,on meteorites, i, 17. 

Mliye river, i, 70. 

Miattjdni mountain, vii, 73. 

Mica in granite. Northern Hazdribdgb, vii, 40, 
41. • 

mines. Northern Hazdribdgb, vii, 41. 
Micas in gneiss. South Mirzapur, v, 19. 
Midnapur — Supposed coal, iv, 8. 

Miueralogical notes on the gneiss of South Mirza- 
pur, v, 18;vi, 42. 

Miocene formation, Sulimans, vii, 149. 

Mirkuldn section, x, 128. 

Mirzapur, Minerological notes on gneiss of 
South, v, 18; vi, 42. 

Mofiong, Khasi Hills— Coal near, viii, 86. 
Mohpani (Sitariva) coal-field, iii, 63 ; iv, 67 ; 
v, 109 ; viii, 65. 

Moolgoond gneissic series, Dambal Hills, vii, 134. 
Moonghee, i, 61. 

Moore, Mr. — Section at Gatta quarries, viii, 2 3 * 
Morar group, iii, 34; viii, 58. 

Mott4 Mr., visit to Sambalpur, x, 186. 
Mulaily— Deserted diamond mines of, x, 58* 
MungrooP, i, 68. 
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Murdanpur, i, 9, 

Murree, v, 15 ; vi, CO } vli, 64. 

group, x, 113, 119. 
Myliobatis — Dental plates of, x, 43. 


N 

Naggery Hills, ii, 6 ; iii, 11. 

« River— Change of course of, iii, 12. 
Nagpur— Borings for coal near, i, 26. 

Nahan (Lower Wiwalik) group, vi, 13. 
Nnikenpolliara Hills, iii, 15. 

Nandi stream, iv, 112. 

Narbada gravels — Ago of, i, 65 ; iv, 78; vi, 49. 
Chelouian fossils, ii, 36. 

Celt found in, vi, 49. 

Narbada coal-fields, see Sdtpura. 

Narli Mountain, vii, 65. 

Nari group, ix, 9, 13. 

Fossils of, ix, 14. 

Ntykondam — Volcano, vi, 81. 

Narnaveram River, Madras area, iii, 11. 
Nautilus auctorum , i, 33. 

Nellore District — Gondwana beds in, iii, 17. 

Lateritio formations in, iii, 13. 
Neocomiau beds in Kachh, ix, 81. 

Nepal — Geology of, viii, 93. 

Neijee limestones, ii, 8. 

Newbold on Dambal Hills gold tract, vii, 140. 

on geology of Maslcat, v, 75. 

Newcastle, New South Wales — Coal-measures 
of, ix, 83. 

New South Wales — Coal-measures of, ix, 83. 
Neuropteris valida, ix, 76 
Nicholson — Gold in Malabar, viii, 36. 

Nicobar Islands, ii, 59. 

Nilgiri, Orissn, v, 62. 

Nivnach (Neeinuch), i, 70 ; viii, 56. 

Nirsha — Fossil plants from, x, 74. 

Nithalrfr beds, x, 86. 

Nizauft Dominions — Coal (Kamarum), v, 50 
seq.; (Singarlni), v, 65; Diamonds 
(Malaily), x, 58 ; Gneiss, x, 56; Kuda- 
pahs and Karnuls, x, 56 ; Gondwdnus, 
v, 46 ; x, 60. 

Noggerathia — Remarks on, x,4.99. 

Novara expedition, ii, 59. 

North-West Provinces — Geology of, vi, 9. 
Nowagarh (Raipur), metatnorphics, x, 174. 

Vindhyans, x, 184. 

Nullamullays — Rocks of, ii, 6, 8. 

Nummulites, ix, 12, 13, 14, 15. 

garansensis , ix, 14. 

Nummulitics, Kachh, v, 95. 

Lower Sind, ix, 11. 

Upper Sind, ix, 13. 

Maskat, v, 75. 

Jesalmir, x, 16, 20. 

Sulimans, vii, 149. 

Murree, v, 15; vi, 61; vii, 73 ; x, 113. 
Ladak, vii, 13. 

Salt. Range, x, 115. 

Pir Panjal. Alleged occurrence of, ix, 159. 
Gdro Hills, i, 13-16. 

Nttrgo, Hazdribdgli — Tinstone at, vii, 34. 
Nurba, Kachh — Fossil plants from, ix, 116. 
Nuzed or Noozudoo, v, 26. * ' 


O 

Obelus beds — Salt Range, x, 125. 

Oldham, Dr., retirement, ix, 27. 

Oledndridium vittatum > Schimp., ix, 30. 
Oligoclase in gneiss, South Mirzapur, v, 19. 
Oman, v, 76. 

Gulf of, v, 41. * 

Omphalia, from Namcho Lake, Tibet, x, 21. 
Oqgol, v, 63. 

Oolitic series, Bombay Presidency, v, 87. 

Oomia group, ix, 80. * 

Vizagapat&m District, vii, 159, 

Orissa— Sketch of geology, v, 56, 

Ornamental stones, vii, 109. 

Ossiferous gravels, i, 65 ; iv, 78 ; vi, 49. 

Ostrea — Species of, v. 111, 

Otozamites , in Kachh, ix, 32. 

in the R^jmahal group, ix, 37. 
in the Jabalpur group, ix, 130. 
gracilis , ix, 130. 

Ouseley, Major, on S&mb&lpur diamonds, x, 187. 


P 

• 

Pabbi Hills* viii, 46. 

Pacham group, ix, 80. 

Pachygonia incurva — Mandible of, x, 42. 
Pachyphyllum in Kachh, ix, 33. 

Pachypteris in Kachh, ix, 31. 

Pain Gunga ot Pem Gunga, i, 63. 

Pakkhal — Kadapahs of, x, 56; Tank, v, 55; 

Vindhyans of, v, 55. 

PalcBovittaricb n. g., ix, 143. 

Palar River, old bed of, iii, 12. 

Palissya in Kuchh, ix, 32. 

in Rdjinabdl Hills, ix, 37. 
jabalpurensis , ix, 132. 

Palndd (Kistua District) rocks, ii, 9. 

Paltincha, v, 24, 46. 

Pamir, vii, 86. 

Pdnchbhaddf — Salt manufacture, x, 12 . 
Panchet group, Goddvari, iv, 60. 

Central Provinces, iv, 74. 

Flora of the, ix, 65. 

Connexion with the Damudas, ix, 67. 

Age of, ix, 67* 

Mstheria lied of the, x, 27. 

Slcbion in the Nunia Nadi, x, 75. 
Glossopteris in the, x, 139. 

Hill — Limestone at, x, 149. 

Paneurn (Karnul District) quartzites, ii, 7. 
Pangadi, iv, 50 ; v, 28 ; vii, 158 ; x, 56. * 

Pang shura tecta , ii, 36. 

Pannirs (gold-washers of Wyndd), viii, 30. 
Papaconda range (Goddvari District), x, 68. 
Parasuchian crocodile— Scute of, x, 34. 

Par sandstone, iii, 34 ; viii, 58. 

Passarabhia, fossil plants, Karharbdli, x, 137. 
Patharghatta Hill, not capped by alluvium, 
viii, 2. 

Patna and Bodosamar area, x, 183. 

Pecopteris concinna , Prsl., ix, 66. 

macrocarpa, ix, 36 ; x, 6$, 

Pegmatite granite, Northorn Hazdribdgh, vii, 39, 
Pegu, see Burnish. 

Peninsula of India geologically distinct, v, 82. 
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Perim Ifllnnd- — Tertiaries of, v, 94. 

Persian Gulf — Geology of coast and islands, 
v, 41. 

Petroleum, Formosa and Labuan, i, 38. 
Burmah, iii, 72. 

Sudkal, Punjab, iii, 73. 

P<egu, v, 120 ; vi, 70. 

Sulimans, vii, 168. 

Assam, vii, 65. 

Dr. H outer's, iv, 18. 

Phosphate of lend, Martaban, vi, 94. 

Phosphatic clay of Nepal, viii, 100. 

Phosphoric acid in Indian coals, llanignnj field, 
vii, 23. 

in iron ores, Ran ignnj -field, vii, 123. 
Phyllvtheca , ix, 70 ; ix, 136. 

Phyaa beds, Bombay Presidency, v, 93. 

Pigment, v, 9. 

Pir Pftnjal — Geology of, ix, 155. 

Pitch, dry — Analysis, vii, 162. 

Plant bearing series, iii, 4. 

Godavari valley, iv, 49, 82. 
beds, Trichinopoly (Stoliczka), i, 59.» 
Sripermatnr,«with mariue fossils,«Ui, 16. 
Plateau-hills — Old marine denudation, x, 58. 
Platinn, Ava, vi, 95. 

Plesiosaurus indicus — Description of mandible 
of, x, 41. # 

Occurrence of genus, in India, ix, 154. 
FLiocene formation — Sulimans, vii, 149. 

Poona to Ahmednuggur, i, 60. 

to Nagpur — Notes on route, i, 60. 
Podosamites hackett, ix, 129. 

lanceolatus , ix, 129. 

Pokran, x, 13. 

Shales of, x, 17. 

Polaram iron ore, iv, 114. 

Poouumallee sandstones of Rajmnhal,uot Cud- 
dalovo age, iii, 14, 17. 

Post-tertian es, Rawalpindi, x, 122. 

Sub-Himulayan, ix, 55. 

Potash salts in Mayo Mines, vi, 60 ; vii, 64. 
Pot-holes, Singardni, v, 67; Bedaadanole, vi, 
68 . 

Pot-stone, as a building-stone, &c., vii, 105. 
Potw&r, x. 111, 140. 

Pranhita— Beds and river section, x, 61. 
Protocyathea trichinopoliensis , x, 136. 
Pseudcslurus sivalensis — Mandible of^x, 83. 
Pterophyllum in the R&jmahil group, ix r 36. 
burdwanense, x, 7k. 
propinquum, ix, 135. 

PHJopiyllum in the Jabalpur group, ix, 131. 
in the Kacbb group, ix, 31. 
in the Rajraahal group, ix, 36. 

Pulicat Lake, north limit of Madras area, iii, 11. 
Punjab, Upper, vi, 59; x, 107. 

Puri, v, 61. 

Purple sandstone. Salt Range, x, 125. 

Pyanopr area — Sriperm a tur group, iii, 15, 16. 
Pyrites, iron,, pseudomorphs iu schists, Dambal 
Hills gold tracts vii, 135. 
iron, in quarts reefs, in Dambal Hills 
gold tract, vii, 136. 
iron with gold lu Wyn6d, vii!, 35. 

• , copper, in pseudo*dlorite, in Dambal Hills’ 
: : • gold tract* vii, 140. 
jWyMmU with gold in Wyndd, viii* 35. 


Pyrrho tine, in meteorites, i, 17.. 
Pyton, i, 61. 


Q 

Quarternary deposits in Madras area* iii, 11. 
See Post -tertiary. 

Quartz reefs, auriferous, Dambal Hills, vii, 133. 
u mouse-eaten,” or full of cavities left by 
sulphides, vii, 136. * 

auriferous, Wyn£d. 

Quartzite, implements, iii, 13 ; v, 25. 
as building stones, vii, 119. 


B 

Rabktib, iii, 71. ^ 

Kagavapuram shalesvnd fossils, x, 56, 57. 
Ragfindla, v, 25. 

Raiulo beds, Arvali series, x, ’85. 

Raigarh, coal, iv, 101-107 ; viii, 103-121. 

and Hixtgir coal-field, x, 173. 

Ruigudem, iv. 111 ; v, 23, 24. 

Raipur— Lead ore, i, 37 ; iii, 44. 

Rajah’s Choultry — Jurassic beds at, iii, 17. 
Rajahmaudri — Sandstones near, iv, 51. 

Cuddalore sandstones of, vii, 158; x r 
56. 

Rajgir Hills, ii, 42. 

Rdjgota Hill, v, 28, 24. 

Rajmahal group, R£jmrh&l Hills — Flora of, ix r 
34,41. 

series, Atgurh basin, x, 170. 
in Madras area, iii, 11, 17- 
Godavari and Kistna Districts, vii* 
159. 

Rrfjputdna, Vindhyan boundary, i, 69. 

Ramiighiri mountain, Madras, iii, 12. 

Rangoon — Fossil wood at, ii, 79. £ 

Ranikot group, ix, 9, 11, 21. 9 

Fossils of, ix r 11, 12. 

Ras Bostaimb, Persian Gulf, v, 43. 

Maldn, Makv&n, v, 43. 

Mnssandim, v, 75. 

Rawalpindi District, vi, 60. 

Rawuudeo, i, 9. 

Recent deposits oft the Godavari District, vii r 
158. 

and sub-recent deposits, Sind, ix, 19. 
Luni- I’athan hills, vii, 149. 

Red Hills near Madras, iii, 13. 

Reefs, auriferous, in Wyndd, viii, 34 seq, 

Dambal Hills, vii, 133. 

Regur, in Malwa, i, 72 ; iv, 80. 
in Pegu, iii, 19. 

or Rigad, Bombay Presidency, v, 101. 
lteh, vi, 12. 

Uewah — Corundum at Pipra, v, 20 ; vi, 43. 
Rhizomopteris JBalli , x, 70. 

Rink, Dr., on Nicobars, ii, 61. 

Rrvers — Change of Polar and Naggery rivers,, 
iii, 12. 

in Madras area deepening their chau- 
• nels,iii, 12. 

antiquity of Himalayan, x, 113. 
deposits, Orissa, v, 60. 
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Rohr!, ix, 8, 12; x, 16. 
Kutnaghiri — Section at, iv, 44. 


s 

Sagenopteris stoliczkana, ix, 180. • 

Sakoli beds, x, 180. 

S&lajit, ii, 89 ; iv, 20. 

Salyie series, Salt Range, x, 125. 

Salt — Tibet, ii, 90 j Berar, ii, 3 ; Cbfinda, iv, 
80; Pegu, vi, 67; Bbaratpur, vi, 12. 
formation, Hormuz, v, 42. 

„ Han gam, v, 42. 

„ Kishm, v, 42. 

„ Tumb, v, 48. 

„ R6s Bostdnnh near Linga, v, 

43. 

lakes in Eastern Sind, x, 10. 

Lunar Lake, i, 63. * 

Smhbalpur coal, viii, 102-121. 

' # iron, viii, 120. 

Area north of, x, 182. 

„ north-west of, x, 183. 

• diamonds, gold and lead ores, x, 186. 
Samulcottu — Cuddalore saudstoneB at, vii, 158. 
Sand-hills — Water of, viii, 51. 
in Eastern Sind, x, 10. 
in Indian desert, x, 20. 

Sandstones, Cuddalore group, Madras, iii, 14. 
Satt&vedu group, Madras, iii, 14, 15. 
Sripermatur group, Madras, iii, 14-17. 
Godavari valley, jv, 49, 82, 107 ; v, 23. 
as building stones, vii, 113. 

Atgarb near Cuttack, x, 63-68. 

Chiki&la, Upper Gondwdna, x, 56; 
Chintnlpoodi, Lower Gondwdna, x, 58; 
Cuddalore, of Goddvari District, x, 
56 ; Diamond, ii, 6 ; x, 58 j Dummupet, 
Lower Gondw£na, x, 56 ; Golupilli, 
Upper Gondwanas, vii, 159; x, 56; 
* Rironcha, Upper Gondwhnas, x, 66; 
Tripetti (God4vari District), Upper 
Gondwdna, x, 56. 

Sanitherium schlagintweitii — Upper molars of, 
x, 76. 

Sarti, Coal near, i, 24. • 

Satpura (Narbada) coal-basin, iv, 66, 71; v, 
109; viii, 66. # 4 

Sattavedu group. Upper Gondwjina, iii, 13.' 
Saugor, viii, 55. 

Sawuntw&ri, iv, 47. 

Scaphites, i, 35. 

Schizoneura — Remarks on, x, 199. 

gondwanensU, in Dam udus, ix, 69. 
iu Panchets, ix, 65. 

Schott, on Dambal gold tract, vii, 138, 139, 
Scindiah’s territories, viii, 55. 

Sea— -Former extension in Indus Talley, x, 21. 
Seistan expedition, v, 3* 

Seju (G4ro Hills) coal, i, 13. 

Serpentine, aB a building stone, vii, 105. 

Pegu, iv, 41, 44, 

Maskat, v, 75. 

Siwalik group, Sind, ix, 17. 

Sbah-i-Dula to Ladak, vii, 12. * 

to Kashgar, vii, 49. 

Sbdpur coal-field, i, 9; viii, 66. s 


Shekhpura Hills, ii, 43. 

Shells, recent laud and fresh-water, iu drift 
deposits of Godavari, I, 62. 
in Narbada gravels, vi, 54. 

Shillong plateau, ii, 10. 

Shuedoung Hill, Pegu, iv, 40. 

Sikkim — Damuda rocks in, vii, 53. 

Coal explorations, x, 143. • 

Silver, iu galena, Manbhum, iii, 75. 

with copper, Singhbhum, iii, 96. 1 

metallic, Dambal Hills, vii, 140, 
in galena, Sambalpur, x, 102. 
in galena, Burmab, vi, 93. 

Simla, Himalaya, x, 204. 

Sind, Tertiary rocks of, v, 96 ; ix, 9. 

Surface gravels of, v, 99 ; ix, 19. 
Alluvium of, v, 99 ; ix, 19- 
Geology of, v, 96; ix, 8; x, 10. 

Physical geography, ix, 8. 

Geological formations, ix, 9. 

Tertiaries compared with* neighbouring, 
countries, ix, 19. 

Singardni coal-field, v, 65. 

SinghbJjfim copper, iii, 86-103. 
gold, ii, 11-14. 
silver, iii, 96. 

Sirgtija — (Jalena at Cbiraikan, v, 23. 

Bisr&npur coal-field, vi, 25-41. 

Sirmtir group, ix, 50 ; ix, 158. 

Siroucha, Upper Gondwtinas, x, 56, 61. 
Sivalhippus theobaldi — Maxilla of,,x, 31. 
Siwalik fauna*-Comparison of, ix, 96, 154. 
Collection of, ix, 103. 

Siwaliks, vi, 13, 52, 63 ; viii, 46, 94 ; ix, 50, 
57, 100; x, 112, 119, 

Slates, Kumaun, ii, 89 ; iii, 43. 

as building stones, vii, 121. 
cleavage, Dambal Hills, vii, 140. 
Slimanabad— Lead ore, iii, 70. 

Smith, Ca.pt, Lucie, i, 26. 

Sonada— Coal-measures at, i, 9; viii, 83. 

Soondri trees in alluvium, iii, 21. 

Soortoor gmtssic series, Dambal Hills, vii, 134* 
Sounrai, Bundelkhand — Copper ore at, i, 16. 
South Arcot, laterite of, iii, 13. 

Speckled sandstones, Salt Range, x, 125. 
Sphenophyllum trizygxa , ix, 70. 

Sphenopteris , in Rajmah&l group, ix, 35. 
Sripermatur group. Upper Gondwana, iii, 15. 

gfteiss blocks in basement bed ofj at 
Chittapuranj, iii, 15. 

» marine fossils in, iii, 16. 

plant shales in, iii, 16, 17. 
quartzite blocks in basement bed ‘near 
Naikenpolbam, iii, 15. 

Stalactites in recent Travertin, at Khona, iv, 18. 
Steam -borer, Mather and Platts, x, 93.. 

Steatite in Pegu, iv, 43. , 

Siegodon ganesa — Cranium of, ix, 45. 

occurrence of, in Narbada Valley, x, 31. 
Stoliczka in memoriam, vii, 81, (fly-leaf) ; viii; 1. 

on geology of Kachh, ix, 80. 

Stone implements, in Godavari gravels, i, 65; 
Central Provinces, iv, 79; in Narbada 
gravels, vi, 49. 

in lateritic formations, iu,18. . 

Stratified traps, Bombay Presidency, v, 89.* 
Stream gold in Dambal Hills, vii, 133. 
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Stuart, A. J. — Interim ppean fossils, vii, 158. 
Subathu group, vi, 13, 60; vii, 69 ; ix, 50 ; x, 109. 
Sub-Himalayan aeries,, vi, 13; ix, 21, 49. 
Sub-metamorphic rocks, Biarampur, vi, 40. 
Sipghbhfim, Hi, 95. 

Bombay Presidency, v, 85. 

Northern H&zaribagh, vii, 36. 

Snb-rec&t deposits, Bind, ix, 19. 

Subsidence of Arabian Coast, v, 76. 

Sudkal, Punjab— Petroleum of, iii, 73. 
Suknkheri boring, viii, 66. 

Suki— Coal-measures on, i, 9 ; viii, 81. 

Suliman range, ix, 20. 

Luni-Pathdn coal, vii, 145. 

Sulphur, Qarhwdl, ii, 88. 

Nepal, viii, 98. 

Barren Island, vi, 88. 

Sulitnans, vii, 157. 
in Indian and English coals, vii, 22. 
Sumesnri River, i, 12. 

Supranummulitic group, Sind, ix, 15. 

Surat, Tertiary rocks of, v, 94 ; viii, 49. 
Water-bearing strata, viii, 49. 

Wells at, viii, 51. t ( 

Water-supply; viii, 52. 

Sylvine, Mayo Mines, vii, 64 r 

T 

Tcsniopteris densinervis, ix, 30. 

T&niopteride* of the Damudas, ix, 136. 

Tal River, iv, 69, 107, 108. 

Talchir, coal-field, v, 63 ; viii, 102, 120; x, 172. 
group, Orissa, v, 67, 63. 

Mdhanadi basin, x 172. 

Goddvari Valley, iv, 50, 59, 108, 110; v, 
23; x, 56. 

Tal River, iv, 108. 

Dantelbora, v, 24. 

Bisr&mpur, vi, 27. 

Raigarh and Hingir, iv, 102; viii, 103. 
Singar6ni coal-field, v, 68. 

Knm&ium coal-field, v, 51 ;k, 60. 
glacial deposits, viii, 16. 

Fossil flora, ix, 78. 

a lower group of the Daraudns, ix, 79. 
Sakri Nadi, Northern Hozarib&gh, vii, 
44. 

Tanjore laterite, iii, 13,. 

Tarai, vi, 11. 

T£tpali, iv, 61. 

T&wa Valley coal, 1, 8; viii, 69, 75* i 

Temperature, underground, x, 45. 

Tertiaries, Cntcb, ii, 56. 

North-West Punjab, x, 107. - 
Madras area, iu, 11. 

Makr&o, v, 41. 

Maskat, v, 75. 

older, Bombay Presidency, v, 93. 
upper. Bombay Presidency, v, 98. 
God&vasi District* vii, 158. 

Tetraoohodon magnum — Mandible, ix, 101. 
Thaiet-mio— Fossil wood at, ii, 79# 

Thian-shaD, vii, 81. 

TfrimifMia Indioa, ix, 35. 
ftostpue, Martaban, vi, 91, 

*'*■ '* Nurgo, Haz&ribigh, vii, 85. 

U granite. Northern Eandribdgfa, vii, 43. 


Titanosaurus indicus — Caudal vertebra? and 
femur of, x, 38. 

Tourmaline (blue and green) in granite, Hazd- 
ribdgh, vii, 40, 43. 

taken for coal in Madras Presidency, 
vii, 160. 

Trap, Bombay Presidency, v, 89. 

between Poona and Nagpur, i, 60. 
section near Ahmednuggur, i, 61. 

Malwa, i, 72. # 

Cutch, ii, 55. 

at Pangadi, v, 28; vii, 158. 

Bisrdrapur, vi, 88. 

Ramgarh and Hingir, viii, p. 118. 
dykes traversing gneisaic rocks, Madras 
area, iii, 17. 

of Gwalior formation, iii, 87. 

Kadapah and Karnul series, ii, 5, 6. 

Arvali series, x, 89. 

as a building Stone, vii, 103. 

Travertin at Khona, 0 opal pad, iv, 18. 
Tree-fern-stem, cretaceous, Tri chi nopoly, x, ]£' . 
Tremolite in dolomite. South Mirzapur, v, 20. 
Triassic limestones, Ras Mnssandim, v, 76. 
rocks, near Murree, vii, 72 ; x, 127. 

Salt Range, x, 126. 

Tributary Mehals of Orissa, v, 62. 

Trichinopoly laterite, iii, 13. 

Trionyx, sp., ii, 39. 

Tri petti sandstones, Godavari District, x, 56, 57. 
Trittang River, Madras area, iii, 12. 

Troilite, i, 17. 

Tumb Island, Persian Gulf, v, 43, 44, 45. 
Turrilites, i, 36. 

Turritella zone, Dudkuru, vii, 159. 
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Umarkot, x, 10. 

Umballa — Boring for water, iii, 3. 

Umia beds, Kachh, ix, 80. 

Innaparazpolliam, vii, 159 ; x, 57. 
Unaparedipali, v, 25. 

Unconformity between Damtidas and Talc hire 
v, 24. 

Usar, vi, 12. e 
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Valerie — Fossils at, iii, 16. , 

Vaustuvern, Mr., coal-borings, iv, 59 ; vii, 159. 
Vorcbbre — Erratics in the Punjab, vii, 87. 
Verde Antique marble. South Mirzapur, v, 20* 
Vertebraria — Remarks on, ix, 70 ; x, 199. 
near Ellore, v, 27 

Lower Godavari, vii, 159 ; x, 58, 59. 
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Vicary on geology of Sind, v, 96; ix, 10. 
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Raigarh. viii. 103. 
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Vindbyafis, Central India, vitl» 55, 57. 

Jodhpur, x, Id. 

Madras, ii, 6, 9. 

Nizam’s Dominions, v, 46, 55 ; x, 58, 60. 
Mahanadi basin, x, 178. 

Gwalior, iii, 39. 

N.-W. Provinces, vi, 15. ’ 

pebble in Talchirs, vi, 28. 
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Tliian-sliAn, vii, 83. 
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The Retirement op De. Oldham. • 

This number of our Records would be sadly wanting without a word of grateful 
farewell to the man wbo has conducted the labours of the Geological Survey of India 
from their beginning until now. When Mr. Oldham came tq India in 1851, the Geological 
Survey cannot be said* to have existed. Some coal-viewers and improvised geologists had 
made occasional reports to Government, but there was nothing that could be called au 
institution, either as to staff or abiding-place. Professor Oldham conferred at once upon 
his post the influence of a well-known name, and the experience he had for years acquired 
as Director of the Geological Survey of Ireland. With those guarantees, by personal 
address and energy, he quickly acquired the confidence of Government, and by its liberal 
support he was able rapidly to bring together an efficient body of working geologists, with, 
and through whom he soon began to throw light upon the rocks of India. Of the value 
of bis services, as exhibited in the publications of the Survey, Dr. Oldham has repeatedly 
received very high testimoijy from the scientific world. To appreciate fully what he has 
effected, one should have experience of the position, 'where every means, material and 
personal, had to be formed or imported ; and further, one should see what is only known 
to those present, the very valuable library and the extensive collections brought together 
by bis care. Due honour paid to the intelligent liberality of the Government of India, 
it is to Dr. Oldham, whether as Superintendent of the Geological Survey, or as President 
of the Asiatic Society of Bengal, more than to any other man, that Calcutta owes the 
magnificent museum-building it can now boast of. All this he now leaves to his colleagues 
and successors. Railing health compels him to retire from the service, and leave the country 
before he could give form and unity to his labours. Those who reap where he has sown 
should ever remember the great debt they owe to Dr. Oldham* 
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Notes on the age of some fossil floras of India, by Ottokar Feistmantrl, m, d., 

Geological Survey of India . 

I AND II. 

While preparing detailed descriptions and investigations of the several fossil floras 
d£ India, with drawings of all the most important specimens for the Palaeontologia Indica, 
I think it best to give brief outlines in this place of the results I have obtained from the 
study. Though persuaded of their interest, both general and special, I must not presume 
that every naturalist can and will take the time and trouble to study those detailed investi- 
gations. All may, however, easily master the results if offered to them in this short form. 

It is necessary to preface these papers with a notice of the formations to which they 
refer. The best known, because almost the only fossiliferous, rock-series in the peninsular 
area of India, is that usually spoken of collectively as the plant-bearing series. This is an 
awkward designation ; and I will at once adopt instead the name Gondwana series or 
system, to be understood in the same wide sense as when wo speak of the Jurassic or 
Silurian series or system. The name was proposed some years ago by Mr. Medlicott, and 
has since been more or less current on the survey ; it has been once used in prinj; by 
Mr. H. F. Blanford in his little work on the Physical Geology of India. We have in India 
important coal -bearing strata of Cretaceous and nummulitic age, quite distinct from the 
Gondwana series, to the flora of which we will first call attention in these papers as of more 
pressing interest. 

From Raniganj, on the western edge of the Delta of the Ganges, these formations 
stretch in detached basins up the valley of the Damuda, between the crystalline masses 
of Ghutia Nagpur and Haznribagh. Smaller patches also occur on the northern portion 
of the latter area, in some of the valleys, and along the border of the gneiss towards the 
plains of the Ganges. The Rajmahal area belongs to this position. From the head of the 
Damuda they stretch into the valley of the Sone, spreading out there into the wide basin of 
South Rewak. A narrow band of the topmost group, passing by Jabalpur, connects this area, 
across the gneissic mass forming the watershed of the peninsula, with the large basin in the 
Satpura range, on the west side of which, along the Moran river, the stratified series passes 
in force beneath the trap rocks of the Deccan. Some few inliers have been detected beneath 
the trap further to the west in the Narbada valley, as about Barwai. Throughout the entire 
course along the Sone and Narbada valleys, the boundary of the Gondwana series runs close 
to the great Vindhyan plateau, from the scarp of which it is eveiy where separated by a 
varying belt of gneissic or schistose rocks. 

Far removed to the west, but still within the rock-area of the Indian peninsula, plant- 
bearing beds of the Gondwana age have long been known to occur in Kach. 

This northern region of the* Gondwana deposits, streteffing obliquely across India 
from east-north-east fewest-south-west, has two extensions to the south. The South Bewail 
basin is continuous across the watershed of the Sone and Mahanadi rivers, through Sirgujah 
into Raigarh and Hingir, towards the Talchir coal-held and the Atgarh area below Kat&k. 

On the west, in the Satpuras, the Gondwana rocks occupy the watershed between the Nar- 
bada and the basin of the Godavari. It is doubtful whether thiSy were ever continuous in 
this direction, but they here at least come into proximity to the deposits of the same age 
at Nagpur, and extending from here down the valleys of the Wardah and Godavari to 
Rajamandri. From the Delta of the Godavari there occur detaohed patches of these rocks 
along the coast of the Karnatik to Trichinopoli, fringing the great expanse of gneissic rocks 

forming the high land of the interior. 

*' , 1 

There is only one extra-peninsular region in India where rocks of this ege have been 
identified along the base of the Eastern Himalaya, in Sikhim and Upper Assam. - 
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_ T ^ fo “7 in * exhibit* the various group, into which the Gondwkna series is at 
piesent tentatively divided in the several regions 


Bengal. 
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, — contain omy plant remains. Some widely separated localities 

have also yielded a few vertebrate fossils of fish aryl reptiles, for which various ages have 
been assigned— palaeozoic, triassic, and liassic. It is o*ily in Kach and on the cast coast 
e penmsu a that the upper members of the series are found associated with hods 
containing a well-marked marine molluscan fauna; and these haVe been taken to give the 
horizon of these groups. The plant beds of Kach alternate with and overlie strata having an 
p Jurassic auna, and a similar association of the Rajmahal group has been found near 
lkaaniandn and in parts of the Karnatik. While, at Trichinopoli. plant beds of about the 
, ® 0 . m ® n u “* s ’’ he the well-known upper cretaceous rock^of that region. The evidence 

thus nsfahr I." 6 T <! ? t0 in< ^* 0ate a mucb lower homotaxeous position for these strata; 

organism*! ^ "priced palaeontological discordance between the marine and terrestrial 
of this nr th f ) 1S °f 1CB e P ocb ^‘* s re R'°h. In such cases we must only say, the flora 
whpn nl ° Ca 1 ^ S ^ ra ^ um ^ * s suc ^ an a ge, and was still growing on the coast, 

lit wavS a , y ° U T r faUDa (but of the same °P° ch ) was living in the sea. This is the 

of thp CS ° B0 " ca ^ e( ^ paliBontological contradictions between the fauna and flora 

oi the same strata. # 

floras^ t the COll “ ti0 " S hits 80 far indioated * the existence of five distinctive 

noras in the following horizons of the Gondwana system 

— Kach (in Kach). 

2. Rajmahal (in different places). 

3. — Panchot (in different places). 

Damuda (in different places), including the Raniganj (Kamthi), Iron-Shale, 
and Barakar groups. , 

5.— Talchir. 

to thb , cliiS; P08 S! C that f 7 ther re8eal-oh may nocmitate modifications or additions 
Kach beds in Kaoh and^ ■ P T r9 °° ntam my ob9er7ations »n the flora of the 

intheS^tricf ' th ° Bad “ ahaI «™ a P - fallal Hills, and at Kolapilli 


The fl fir I '~ Fi,0ea of THB Kach series (Cutch). 

is rather poor, espee^vZ^^T W f h th ° a “ lmal r0m . ains from the same formations, 
characteristic genera and fin p m ,nUI f ** i £ en ? ra an( * 8 P 00 * 08 - There are, however, enough 

though it is noZ2 so lTrL l r ati0n 0f the ag0 ° f th0 flora 88 8 

fl easy to determine the age at each locality with the same accuracy.* 
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* For my purpose it will be sufficient and most useful to represent the flora first in a 
general systematical review, and then may follow the localities with their characteristic 
species and their probable correlation. 

A.— Acotyledones Cbyptogamje. 

L — Alga. 

Of this family I have not met with any specimen, but Mr. Moms, in Captain Gent's 
Geology of Kach, describes a Fucoides dichotomy,* , Morr. Although I am quite unable 
to form an opinion as to whether Mr. Morris is right or not (because I have not seen the 
original specimen), I may remark that there is no objoction to take it so, as from the same 
strata of other places (England) Alga are mentioned, I would only add that if it is an 
Alga, it is a Chondrites, with the same specific name. 

Locality not indicated. 

II. — Filices. 

Ferns are not very frequent, but some most characteristic genera and species occur. 
Already in the representatives of this* family, we can see the character of the strata. 
At least we must, on the first vifew, say that they are Mesozoic, the species may then 
determine nearer. # 

•1. Order, Taniopterides. 

As we will also find in the Bajmahal group, this order is abundantly developed, but 
represented by some different species. This is the first difference we may notice between 
these two floras. * 

In the division of this order, I follow the newest by Mr. Schimper— 

a. — Taniopteris, Bgt., mostly Paleozoic. 

b. —Angiopteridium, Schimp. Mesozoic. 

<*. — Oleandridium , Schimp. Mesozoic. 

d. — Macrotaniopteris, Schimp. Mesozoic, 

e. — Danaeopsis, Heer, 

f. —Dantites , Goppt. 

Our species are — % 

a. — Oleandridium vittatum, Schimp. (Taniopteris vittata Bgt.) Some specimens 
agreeing quite with Brongniart’s drawings and those of Bindley and Hutton, also with those 
of Young and Bird, Phillips, &c., from the English Oolite (Scarborough), are known 
from Kukurbit, in a grey sandy clay. It is an important species. 

b. — Taniopteris densinervis , Fjptm. The fragment from wh^ch this species is made I 
take to be a real Taniopteris , Bgt. 

Locality : Kukurbit. 


2. Order, JPecopterides. 

Some fragments occur ; a few of them are of considerable in^rtance, 
a.—Alethopteris, Whitbyensis, Gopp. Fecopteris Whitbyensis , L. and H., Tab. 134 
(Foss. flor. of Great Britain.) 

Some fragments of a true Alethopteris , Goppt. (leaflets attached by the whole base 
and connected together), I could only identify with this species, which occurs mostly in the 
English Oolite, although it has been also found in the Lias sic strata. This species is 
often mentioned in books linder the most different synonyms. In my detailed descriptions 
I have brought them all into tho relation £ think most correct. 

, Locality ; Doodaee, in a reddish-grey soft clay. 0 
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5, — Pecopteris (cyatheides) tenera , Fstm. A small fragment of a pinna I place here, 
but it is of no special importance. 

Locality : the same. 

3. Order, Neuropterides. 

It is with Mr. Schimper that I agree in placing the following genus and species in 
this order, while by other authors it has been assigned to a quite different ordtfr, To 
discuss this point here would he out of place. The genus is Pachypteris, Bgt., which 
I take in Brongni art’s sense, and unite with it some Sphenopteris and Neuroptcrif, of 
Phillips, Dichopteris of Zigno, and Scleropteris , ex. p. Sapor ta. It is of Jurassic age. 

a . — Pachypteris specified , Fstm. There is no doubt that the specimen I have so 
named belongs to the same genus as Brongniart described. It is very near Brongniart’s 
species of Pachypteris , also to Dichopteris visianica , Zigno. 

These species, with which ours agree, are lower Oolitic (Scarborough and Italy). 

Locality : Bhoojooree, in a soft reddish clay. 

b. — Pachypteris brevipinnata . This form, which I believe to be the 'same genus, 
I s9 name on account of its shorter pinnae. Locality. — Kukurbit. 

4. — Order, Cyclopteridys. • 

Genus, Actinopteris . 

Some peculiar, orbicular, and radially striated forms from Bayreuth M. Gdppert, 
described first as Cyclvpt. peltata, Gopp., and we find this locality mentioned as Keuper. 
But later, from the researches of M. Schenk, these localities near Bayreuth (Culmbach, 
Yeithlahm) are determined as belonging to the interposed strata (between Keuper and 
Lias) called Rh oetic. This species, too, was independently cliaftgcd into Actinopteris peltata, 
Schnk. I have now fdund this form in the Kach series. There are three specimens quite 
agreeing with all the drawings ; so I am, no doubt, correct in the identification, although 
I am still quite unable to say anything distinct about the nature of these fossils. Prof. 
Schimper regards them as pseudo-fossils, formed by infiltration ; hut on this supposition 
their constant form and limited occurrence in the Juro-triassic epoch, most near the 
division boundary, would bo inexplicable. 

Locality : Near Gooneri ; in gray, sandy clay, as at Kukurbit. If I do not accept 
this locality to be Rhcetic, I must at least accept this fossil as an indication of a lower 
horizon than has as yet been assigned to these plant beds. 

B. — CoTYLEDONES PHANEEOGAM.E. 

I. — Cycadea. 

This family, which wy in India generally very abundant in the floras of Jurassic 
times, has the most representatives also in the Kach series. We will, however, see that 
the representation here is in a different manner than in the Bajmabal beds ; and this is 
another point of difference between these series, which were formerly thought identical. 

1. — Genus Ptilophyllum , Morr. 

I take this name of hforris, and not the later Palceozamia , Endl., because our genus 
is indeed quite different from all others, and therefore also from Palaosamia, as Schimper 
and Saporta have also lately shown. 

This Ptilophyllum is a truly Indian type, forming the only link between some Indian 
local floras ; and we can ascertain independently that the Ptilophyllum (Palceozamia) 
bearing beds are all of Jurassic (lower) age.* 


It may be well to note that I use the classification making the Jurassic to include Lias. 
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• a. — Ptilophyllum* Cutchense, Morr. ( Palceozamia Cutchensis , Morr. and Oldh.) 
This is the predominant form, with shorter and more obtuse leaflets. I distinguish several 
varieties which I need not enumerate here. Locality : Kukurbit and Bhoojooree. 

b. — Ptilophyllum acutifolium , Morr. Mr. Moms, in Captain Grant’s Geology (Trans- 
actions, Geolog. Soc., 1840, Vol. V, 2 Ser., p. xxi, f. 123), figures several specimens, 
but I ‘have observed only one. Locality : Bhoojooree. 

2. — Genus Otozamites, Braun. * 

c. — Otozamites contiguous , Fstm. Some fern-like forms have been formerly placed as 
Otopteris ; hut I believe it is best to tako them all still as Otozamites, Braun ; it will at 
least avoid confusion. 

The above species is one of those with short pinnules. Locality : Kukurbit. 

d. — Otozamites imbricatus, Fstm. A species with longer pinnules , which are so 
inserted on the rhachis that they are imbricated. Locality. — Loharia; in ferruginous 
fine-grained* sandstone. 

e. — Otozamites cf. Goldiaei , Bgt. This is one of the groups with long pinnules ;* and 
I consider our specimen closely allied to Brongniart’s species from the English Oolite ; and so 
a species of more importance than the others. Locality. — Kukurbit. 

*3. — Genus Cycadites, Bgt. 

f — Cycadites Cutchensis, Fstm. A very delicate species, with the distinct midrib of 
Cycadites . Very close to Cycadites zamioides , Leckenb., differing only by the insertion 
of the leaflets on the base.* This latter is also an Oolitic species from England (Scar- 
borough). Locality : Kukurbit. ‘ 

4. — Genus Williamsonia , Carr. 

There are three species of a fossil from Kukurbit, brought by Mr. W. T. Blanford, 
which I place in the genus Williamsonia , Carr., from the English Oolite (Linn. Transact., 
Vol. XXVI, p. 680. Phillip’s Yorkshire, iii edit., 1875, p. 227, PI. XXIV, f. 5), and which 
I will describe as Williams. Blanfordi , Fstm. 

Of less importance is Cycadolepis, Sap., which occurs also near Bhoojooree in one 
specimen, and to which I give the specific name Cycadol. pilosa , Fstm. 

II. — Conifera. 

Among the remains of this class are again some very ^important species for the 
determination of age, as they in general are very characteristic of the strata in which 
they occur. * * 

1. — Genus Palissya. 

From three localities we have got coniferous branches, which £ place without hesitation 
in this genus, because tbey have its peculiar characters. 

a.— Palissya Bhojoorensis, Fstm. This species I think different by some marks from 
Palissya Brauni , End!., and from that occurring in the Bajmahal series, P. Oldhami , 
Fstm.; so, I name it as above. Locality: Bhoojooree; in reddish soft day. 

Palissya sp. like that from the Bajmahal series, ancl also from the Jabalpur group, 
which is probably of the same horizon. 4 * 
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This specimen is from Thrombow, and I think perhaps this locality is lower in age than 
the others. This species signifies again that we should take for the Kach series a lower age 
than has lately been given to it. The other species of ferns and the other conifers suggest 
the separation of the Kach from the Rajmahal series. 

Two other branchlets occur, which I would consider also as Palissya, Endl. They 
resemble very much Phillips’ Taxites laxus , Phill., which, however, seems also to be a 
Palissya : and I would designate it as Palissya laxa , Phill., sp. 


2 . — Genus, Pachyphyllum Bgt. 

a. — Pachyphyllum divarieatum, Fstm.— A coniferous branch, agreeing quite with 
Cryptomerites divaricatus , Bunb., from Scarborough ; but I believe this fossil more correctly 
placed in the genus Pachyphyllum , Sehimp., as I have also placed our specimen. 

Locality: Kukurbit. 


3. — Echinostrohus , Sehimp. # 

• a. — Echinostrohus expansus , Sehimp. The most frequent, and also quite characteristic 
coniferous plant, is a form with thin and dichotombusjbrauches, having the general aspect 
of a Thuya or Cuprcssus , and which also at first was described as Thuytes expansus , 
Stbg. (Phillips). It is now placed by Schimpcr in his new genuf Echinostrohus , Sehimp. 
This species also is thus identical with a species from the Ehglish Oolite. 

Locality : Kukurbit, frequent. 

4. — Scales of fossil cones. * 

Very remarkable also are some rather frequent fossils, which on the first view must be 
recognized as scales of fossil cones. If we look after analogies in existing literature, we 
find some quite the same in Phillips’ Geology of Yorkshire, and recently in Mr. Carruihers* 
paper on some undescribcd coniferous fruits from secondary rocks of Britain (Geo. Mag., 
1869). Phillips mentioned this fossil as “ winged seed” ; while Mr. Carrutliers described them 
with Araucarites as scales of cones of this genus. Our fossils are of the same kind. 

Locality : Pretty frequent at Kukurbit. 


This may, therefore, be the general view of fossil plant remains from Kach 1 Generally 
considered, the flora declared itself at once as Jurassic.* The particular horizon must be 
determined by the most characteristic fossils. These are — Oleandridium (Tamiopteris) 
vittatum , Sehimp. Alethopteris Whithyensis , Gopp. ; Gen. Pachypteris, Bgt.; Otozamites 
cf. Goldicei , Bgt. ; Cycadites Kachensis, Fstm. ( Palissya , Endl.) ; Pachyphyllum divari - 
catum , Fstm. ; Echinostrohus expansus , Sehimp. Scales . 

All these fossils occur in the English Oolite of Scarborough and Whitby: and 
the same jdants from Jurassic strata in Kach may be placed generally in the same age. 
While some localities seem to indicate a lower horizon, we can say that the Jurassic strata 
of Kach generally are of an Oolitic age; and it is of a lower Oolitic horizon, corre- 
sponding to the strata seen on the Yorkshire coast at Scarborough and Whitby, wifh 
which our flora has about ten genera and species in common. With the Oolitic flora of Italy 
and France there are only some genera in common ; as is also the case between those floras 
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and the English Oolitic flora* With the Rajmahal series, as we will see, the Kaob beds 
have only about three or four species m common, while, moreover, there is a great difference 
in the most characteristic forms. 

The localities here mentioned are (taking the supposed oldest first) : — 

1^— Near Gooneri, with Actinopteris (Schenk)-like forms ; gray sandy clay. 

2. — Thrombow, with Palmy a, like the same from the Rajmahal series and the 

Jabalpur group ; in the same gray sandy clay. # 

These two indicate a lower age, and perhaps represent the Rajmahal series in Kach. 

3. — Kukurbit, with most of the characteristic types : Oleandridium , Otozamites , 
Cycadites, Palissya, Pachyphyllum , JSchinostrobus (Thuytes), fossil scales , all with 
oolitic species ; in gray sandy clay. 

4. — Bhoojooree, with Pachypteris specifica ; in a reddish soft clay. 

5. — Doodaee, with Alethopteris Whitby ensis, Gopp. ; in%a reddish-gray soft clay. 

*. 

These three, it can scarcely be doubted, are of lower oolitic age. 

6. Loharia, with Otozamites imbri^atus, Fstm. ; in a ferruginous sandstone. 

All of these dhn be determined with more or less accuracy as lower Oolitic, excepting 
Loharia, which is not so distinct. But generally a lower oolitic age must be taken for 
them ; only the two localities, Gdoneri and Thrombow, indicate a lower horizon. 

As I have already mentioned, there seems to be a “paleontological contradiction” 
between the evidence from the animal and from the plant remains. The latter occur in the upper 
groups of the local Jurassic series as described by Mr, Wynne, the marine fauna occurring 
in the lower groups. According to Dr. Waagen’s researches on th v Ammonite fauna, this is 
not older than Bathonian; and yet the plants, which are from a higher horizon, indicate 
generally an age as old as the Bathonian or Bath-oolite, and some of them a still 
older horizon. 

Such are the palseontological facts regarding which we can only say that plants of lower 
oolitic age still flourished in this region after that animals of younger strata had been living 
in the adjoining sea. It woul£ seem, moreover, from the fact that Ptilophyllunt , Morr., 
and other species occur also in the Rajmahal series, that the flora of Kach, though generally 
oolitic, had an earlier existence in Indii. than in the strata of England. 


II.— Floba of the Rajmahal Sebies (in the Rajmahal Hills and 
Godaveei Disteict). 

The* flora of the Rajmahal series in general, and especially that of these strata as 
typically seen in the -Rajmahal hills, is more abundant than the Kach flora, both as 
regards the number of specimens as well as of genera and species. I will therefore first 
discuss shortly the flora as exhibited in this region, and having established the typical forms 
here, we can recognize them in other places. 

The fossil plantoemain^of the Rajmahal series in the Rajmahal hills have formed 
already the object of a Valuable work begun by Mr. Oldham and Pro£ Morris, but of 
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which only six fasciculi appeared, with 35 plates and 52 pages text.* The following is a 
systematic abstract of the collections up to datef : — 

A* CRYPTOGAMS ACOTYLEDONES. 

'* I. — J Equisetacece. 

Perhaps in all formations characteristic forms of this order occurred. We hare f Am hero 
Equisetum , called Equisetum Bajmakalense, Sohimp, (01dh M Mon*. PI. II, f. 2-3. PI. XXXV, 
f. 3-4), which is near to some liassic and r hoctic forms. In Kach, as we saw, no Equise - 
taceee were observed. 

II. — Filice s t 

These are pretty frequent in the Rajmahal hills, with some most characteristic forms. 

1. — Order Sphenopteridaz. 

a. — Sphcnopteris , Bgt. : by Sphenopt. Hislopi , Oldh. and Morr. PI. XXXI ; 
Sphenopt. membranosa , Fstm. and Sphenopt. arguta , L. and H. ; PI. XXJCII (0. and 
M.^; this is an Oolitic species in England. 

b. — Dir.Jcsvnia : by Dicks. Bind r a b u nensis, •Fstm. PI. XXXVII, f. 2-2a ; this is a 
SphenopterisAike fossil with a fructification by which it must he placed aar Dicksonia. 

c . — Hymenophyllites, Bgt., by Hymenophyllites Bunbuft/anus, Fstm. ( Sphenopt . 

Bunburyana , Oldh. and Morr. PI. XXX II f. 5-6.) • • 

* m 2. — Order Neuropterides. 

a . — Cyclopteris, Bgt. On Plate XXXVI (Oldh. and I^Tor.) (not yet published) are 
drawn two fragments o£ a Cyclopteris - like leaf not well defined. Later I got two -others, 
one of them quite distinct, with the characters of a Cyclopteris , which, therefore, may 
be called Cyclopteris Oldhami , Fstm., PL XXXVII, f. 5-6. 

5. — Thinnfeldia , Ettgh. A very interesting genus already known by A. Braun (1840), 
but described as Kirchneria Br., and later by still other names. The systematical position 
" is, following Mr. Schimper, with the Neuropteridece , in which I must agree with him. 
The geological horizons for this genus are Lias and It hoe tic. We possess from 
Buskoghat a specimen of a plant which I took at once tesbe a Thinnfeldia; and this has 
been confirmed by the discovery of another well marked specimen near Burio, so that I 
will describe this plant as Thinnfeldia indica, Fstm. PI. XXXIX f. 1-la, PI. XL VI f. l-2-2a. 

• 3.— Order Fecopterides. 

v There are some quite distinctive forms for the Rajmahal series, and also for the charac- 
ters belonging to this family. * ’ 

a . — Pecopteris gleichenoides, Oldh. and Morr., PL XXV, XXVI ; placed by Schimper as 
Gleichenites, and called Gl. Bindrabunensis, Schirnp. ; is very frequent and typical for 
these strata. Schimper may be right. Mr. Oldham also placed this species as Gleichenites . 

b. — Pecopteris (Alethopt.) indica , Oldh. and Morr., PI. XXVII, is indeed an A let hop* 
teris with the same specific name. It is allied to Asplenites Busserti, Schenk, from the 
Rhootic (Bavaria), and to some other species of Alethopteris ; important. Pecopt , salici- 
folia, Morr., is also to be placed here. 

• The figures which M.M. Oldham and Morris have already given in their work I will mark. “Oldh., Morr., 
PL , fig. ** ; those to be drawn in my continuation of that work are here marked as “ Fstm., PI. fig. 

t Besides the plant remains I am going to describe, there arc also fossil silicilicd woods pretty abundant, 
which, howevor, I am unable to mention her?, as they want more examination. I will describe them larffr 
• togother with others of the some kind. m 
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c. — Pecopteris ( Asplenites ) macrocarpa , Oldh. and Morr., PI. XXVIII; is an Asplenites 
very near to Asplcnites Ottonis , Schimp., also from the R h<© tic (Bavaria); important. 

d. — Pecopteris lobata, Oldh. and Morr. PI. XXIX, XXX, pretty frequent ; it may 
retain this name ; it seems an Indian type. 

r , 4. — Order Tceniopt erides. 

This family gives one of the chief characters of the Rajmahal senes, especially in the 
Rajmahal hills; there are very frequent large and interesting forms which are very 
important for the determination of the age. * 

a. — Macrotceniopteris ( Tceniopteris ) lata , Schimp., (Oldh. and Morr.) PL I, II, IV, 
Tceniopteris mvscefolia (Oldh.) Schimp., which are not really different, represent the 
character of this family, being very near to Tceniopt . ( Macrotceniopt .) gigantea, Schimp., 
from the R h ce t‘i c. 

b. — Tceniopt. { Angiopteridium ) McClcllandi , Oldh. and Morr., PI. *VI, ( Tceniopt . 

spathulata , ^IcClell.), being near to Angiopteridium (Tceniopt.) Munsteri, Schimp., from 
tho R hoe tic, these two fossils indicate a lower age for this series than that hitherto 
supposed. r 

c. — Tceniopt. ovata , Schimp., described as Tceniopt . ovalis (Oldh. and Morr.), but 
different, as I find by the denticulation of the margin. 0. M. PI. Ill; Fstm. Pl. 
XXXVII, f. 1. 

d. — Macrotceniopt. Morrisi , Oldh., is also a separate spesies. 0. M. Pl. III, IV. 

c. — Danaopsis JRajmahalensis, Fstm. Pl. XXXVIII. 4. The essential characters of 
this very interesting genus are, I believe, exhibited in this species. 

In the Cryptogamoe we may, therefore, note as important JSquisctum Pajmahalense , 
Schimp., Thinvfeldia indica , Fstm., Alethopteris indica, Oldh. and Morr., Alethopi. 
macrocarpa , Oldh. and Morr., Macrotceniopteris lata , Oldh., and Angiopteridium 
Me Clellandi t Oldh. and Morr. 


■ 4 B. — PHANEBOGAMiE — COTYLEDONES. 

? 1. — Zamiece. 

In this class we find another marked character of the Rajmahal series, by which again 
this flora differs quite distinctly from that of the Kach series. 

a. — Pterophyllum, Bgt. The most developed genus, with a great variety of forms, 
of which the most characteristic $re Pterophyllum carteriamuQ, Oldh., Pterophyll. Mor- 
risianum , Oldh., Pterophyllum princeps, Oldh. and Morr. (which is quite near to Pteroph . 
Braunsi , Schenk, from the Rhcetic), Pterophyll. Pajmahalense , Morr. &c., as they have 
been described and figured by Oldham and Morris. Pl. X, XVIII. 

b. ^—l?tilophyllum, Morr. About this I have already said that I take this name instead 
of PaliBOzamia, Endl., observing it as an Indian type, and therefore as a distinct genus ; 
this genus is known both in the Kach and the Rajmahal series ; and also the*same species 
occur in both ; but while Ptiloph . Cutchense , Morr., prevails in Kach, Ptiloph. acutifolium , 
Morr., is the most abundant in the Rajmahal series. Ptilophyll. rigidum , Schimp., I take 
to be identical with this latter, and think Ptilophyll . (Palceozamia) affine ,, n. sp., not very 
far from Ptilophyll. Cttf cheese, Schimp. As varieties I distinguish here also Ptiloph. 
aouMfolium var maximum and Ptiloph . Cutchense var minimum ; this genus constitutes a 
connective form between these two rock-serics, belonging to the same great geological 
effech; it is J urassic. 
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c. — Otozamites Braun. In this genus I put some species, which in the first description 
of the Rajmahal series by MM. Oldham and Morris were also described as Palmozamia 
Endl., O. M. Pl. XIX. Their Otopteris-\i\ie habitus is so distinct, especially in the disposition 
of their veins, that at first I thought it right to place them with Otopteris , Schenk. It 
seems bist, however, following MM. de Zigno and Saporta, to abandon this old genus, and to 
take all Otopteris forms as Otozamites , because they have more characters of the Zqmiece ; 
so these Otopteris- like fossils from the Rajmahal hills (which stood formerly as Palceozamia) 
must be put to Otozamites , Braun. The species are Otozamites abbreviate, Fstm. (Pales* 
ozantia bengalensis , Oldh. and Morr.), Otozamites bengalensis , Schimp. ; it is near 
Palcsozamia brevifolia, Braun, or Otopteris BucJslandi , Schimp., but Mr. Schimper 
considers it different by its more obtuse leaflets, and names it as above. 

d. — Zamites , Bgt. Of this genus, we have two specimens, pretty well preserved. I call 
the species Zamites proximus, Fstm., as it is very near to a living Zamia. Fstm. PI. XLI. 
f. 1-2. 

e. — Dictyozamites , Oldham. Quite a peculiar genus in general, and a marked Indian 
type ; we only know it in the Rajmahal series. It was at first described and characterized 
as ft Dictyopteris, Gutb., and as Dictyopt. tfalcata, Morr., and Dietyopt. falcata, var. 
obtusifolia , Morr., by Mr. Morris in the original* description of Rajmahal plants in the 
Palmontologia Indica, 1862, PI. XXIV. Although at first of the same view (Memoirs Geologi- 
cal Survey of India, II, p. 320), Mr. Oldham, in the description of the Rajmahal plants, 
p. 40, developed another and more correct opinion about thiS fossil, taking it as belonging to 
the Cycadeaceee (Zamiecs) near Otozamites , Braun, and proposed a new generic name, 
Dictyozamites , with its diagnosis, which I fully adopt. I propose the specific name 
Dietyozamites indicus , Fstm., taking both varieties as the sapie. It was originally known 
only from Amrapara j lately I found it also near Murrero. Outside of the Rajmahal 
hills we know it also in some other places. 


2. Cycadece. 

a. — Cycadites , Brgt. The occurrence of true Cycadece is also of importance for the 
determination of age, because they indicate always a lower horizon in the Jurassic series. 
Fossils of this genus are very abundant in the Rajmahal series. MM. Oldham and Morris 
have described three species ; but I believe there are only £wo, Cycadites Rajmahalemis , 
Oldh., and Cycadites confertus , Morr., putting the third, Cycadites Blanf or dianus, Oldh., 
with this latter, 0. M. Pl. VII, IX. 

Some fruit-like fossils I recognize as belonging to the genus Williamsonia , Carr. ; they 
are very similar to those in *PhillipB* Geology of Yorkshire, 3rd Ed., 1875, PL XXIV, 

f. 2, 3, 4, 5, from the lower sandstones (lower portion of lower Oolite) of Whitby. 

A • 

Besides these, there are also some cycadeous stems and fructifications, which, however, 
need no further mention. 


3. Conifer ce. 

In this family we find some well marked forms, serving to indicate the age o( the Raj- 
mahal series, and also as characteristic of that formation. 

1. — Genus Palissya , Endl. 

Two species occur, one pretty frequently typical of the Rajmahal series. 

Palissya Oldhami, Fstm., 0. M. XXXIII, is a form like Palissya Brauni, End!., from 
Rhoetic strata; it is the same form as mentioned already in the Kach series from 
Thrombow. 
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' Another form I call Palissya pectinea, Fstm., Fstm. XLV. which is very frequent ; it has 
lately been found also in other places, which I take to belong to the Rajmahal series. MM. 
Oldham and Morris have figured the first as Toxodites indicus, and the second as Cuming - 
hamites confertus. * 

• , 2. Cheirolepis , Schimp. 

Some very tender-leaved branchlets, first described as Araucarites gracilis, n. sp., 0. M. 
PI. XXXIII, XXXV. and which have a ZycopoditesAiko aspect, must, I believe, be placed 
in this genus. I name them Cheirolepis indica, Fstm. I may at once mention that no 
Lycopodites is known higher than in the Permian ; all Lycopodites-YUkQ plants in the 
newer strata being coniferous plants. 

3. Echinostrobus, Schimp. 

I have already said in the preceding note on the Kach flora, that some species of the 
genus Thuytes, Ung. (which have been sometimes also called Arthrotaxites , Ung. and others), 
have been shown by Prof. Schimper to be Echinostrobus , Schimp. In the Rajmahal series 

there occur some branches which must be so # placed. o. 

« 

Echinostrobvs Rajmahalensisf Fstm. 0. M. PI. XXXII. 8. Fstm. XLV. : I call by this 
name some branches resembling the now disused species, Baliostichus omatus , Stbg., 
Arthrotaxites Baliostichus, Ung., and Arthrotaxites Fnschmanum, Ung., but which three 
form, as I think, only one species. Our Rajmahal specimens are, however, a little different. 

Such is the flora of the Rajmahal series in the original area, so far as now determined. 
I estimate the whole number /)f good species as about fifty. The description of the flora of 
this series, as the continuation and conclusion of the valuable woj*k of MM. Oldham and 
Morris, illustrated by eleven additional plates, will, I hope, be published as soon as possible 
after the Flora of Kach, now in the press. 

In taking a general view of the Flora of the Rajmahal series in the Rajmahal hills, 
we may point out the following plants as the most important forms : — 

ls£. — As characteristic of the formation : — 

а. — Alethoptcris indica, Oldh. and Morr. 

б. — Asplenites macrocarpus , Oldh. and Morr. 

c. — Gleichenites {Cyatheides) Bindrabunensis , Schimp. 

d. — Some species of Tceniopteris , Bgt.. * 

e. — The frequent occurrence of the genus Pterophyllum, Bgt. 

f — Dictyozamites indicus, Fstm. V 

g. — Palissya pectinea , Fstm. 

2nd. — For determination of the age : — 

a. — Equisetum Rajmahalense , Schimp. 

b. — Alethopteris indica , Oldh. and Morr. , 

c . — Asplenites macrocarpus, Oldh. and Morr. 

d. — Thinnfeldia indica, Fstm. 

e. — Macrotaniopteris lata, Schimp. 

f — Angiopteridium Mcclellandi, Schimp. 

g * — The frequent occurrence of Bterophyllum, especially Bt. princeps, Oldh. 

A. — OtozamiUs trsvifolius, Br. ( Otoz . Bengalensis , Schimp). 
i.— The true Cycadites, Bgt., and Palissya Oldhami , Fstm. (near Palissya 
Brauni, Endl.) # 
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All the plants enumerated in this 2nd list are of such a facies that they indicate 
at once a lower zone of the Jurassic period, and I have no hesitation in assigning to 
them a Lias sic age . At first, these plants were considered as oolitic. M. deZigno, in a 
written consideration, which is in my hands, dated 1861, and later in a paper, Sopra i depositi 
di pianie fossili dell' America settentrionalle, delle Inde e del Australia, etc, Padova, 1865 
(of which there is a Report in Leonhard and Geiuitz n. Jahrb. 1806, p. 381), regards 
them rather as Lias sic. In the Vienna Jahrb, der Geolog. Eeichsanst., 1861-62, 
Verhandl., p. 80, we find the Rajmahal fossils mentioned as agreeing with the Austrian 
Keuper plants. Mr. Ettingshausen, in his “ Farrenkrautor der Jetztwelt,” p. 22, re- 
marks of Tceniopt . lata and Taen. Morrisi quite distinctly : “ In formatione Lias dicta 
ad Bindrabun Bengali®." We may therefore adopt, as the result of our special study 
confirming the opinions of the several authors, that these Rajmahal strata are to be 
taken as Li as sic. 

Mr. Schimper, however, in Vol. Ill of his Paldontolog. veg<St., has put the greatest 
number of our Rajmahal fossils in the oolitic period; while one of the same, Equisetmi 
Majmahalense , Schimp., occurring in the same strata with the others, he put* as Rhcetic, 
wfcich, of course, is contradictory. This is still more remarkable when we find Mr. Schimper 
placing also the Glossopteris and Phyllotheca *>f the Damuda series in tho Oolitic 
period. • . 

It remains now only to enumerate the localities of the fossil plants I have examined, 
or where they are said to occur. There are twelve localities known, in an alphabetical order, 
as below : — 

1, Amrapura ; 2, Bindrabun; 3, Burio; 4, Busko Ghat; 5, Gliutiari; 6, Jamkoondih; 
7, Murcro ; 8, Muchwa Pass ; 9, Onthea ; 10, Salempoor ; \1, Shahabad ; 12, Sooroojbera. 

The total number bf species being taken as fifty, thg number known fVom the several 
localities is as follows : — 

1-5, 2-32, 3-9, 4-5, 5-2, 6-2, 7-4, 8-2, 9-4, 10-1, 11-1, 12-1. 

The greatest proportion is in No. 2, Bindrabun, with thirty-two species ; the next is 
No. 3, Burio, with nine. 


Note on the age of the flora of some places in the Godavari District, especially of the 

sandstones of Kolapilli, 

In the Records of the Geological Survey, 1871 and 1872, Mr. W. T. Blanford has published 
a paper in two parts on some \>lant-bearing sandstones of the Godavari valley, and descriptions 
of others in tho same district (Records, Vol. IV, p. 107, Vol. V, p. 23, Vol. IV, p. 49) 

All the places Mr. Blanford mentions, and from which he has got fossil plants, he lias 
recognized as belonging to the Damuda series and to the Kamthi *group (upper portion of 
Damudas in general) on account of the occurrence of Glossopteris and Vertehraria in the 
characteristic forms for those beds. This is indeed so ; and our Museum contains several 
sets of fossil plants, from localities in the Godavari District (from the lower part of the river 
valley) which are at once to be recognized as plants of the Kamthi or Raniganj group. 

But we have got also from another locality, Kolapilli, near Ellore, discovered by 
Mr. King, a set of plants which certainly belong to another group and another age. 

The plants from this locality are preserved in a very fine sandstone of a yellow-brown 
colour (ferruginous). They are pretty numerous, but do not represent many species ; suffi- 
cient, however, to determine the age of the flora. The following systematical enumeration 
will enable us to compare these fossil* with others already described and determined. 
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Wanting. 

II. — Filices. 

l>—Alethopteris indica , Oldfa. and Morr. : some very characteristic specimens quite like 
the Rajmahal form* and also like Aspfenites Bosserti, Schenk. 

2 . —Asplenites macrocarpus , Oldh. and Morr. : frequent, very closely allied to Asplenites 

Ottonis , Schimp. * 

3. — Gleichenites Bindrabunensis , Schimp., (Pecopteris gleickenites ), Oldh. and Morr. : 
a fragmentary specimen. 

4. — Tceniopteris ( Angiopteridium ) spathulata t McCl. : a fragment of a Taniopieris, 
agreeing well with fig. 7 on PL VI, Oldh. and Morr., Rajmahal Flora. 

fi , — Jfeniopteris (Angiopteridium) ensis, Oldh. and Morr. Two specimens I believe 
belong to this species of the Rajmahal Hills. 

III. — Cycadece. i 

1. — Pterophyllum Morrisianum h Oldh., one or two specimens, one pretty large. 

« 

2. — Pterophyllum carterianum, Oldh. A very frequent species. 

3. — Pterophyllum comp, dist&ns, Morr. (Hislopianum, Oldh.) The specimen recalls 
also the Pteroph. Braunianum, Gopp. 

4. — Ptilophyllum (Palceozamia) acutifolium , Morr. The common form. Pretty 

frequent. r 

6 . — Ptilophyllum cutchense , Morr. This species is also represented by some specimens. 

6. —Dictyozamites indicus , Fstm., formerly JDictyopteris falcata , Morr. Of this 
very interesting and curious fossil, the systematic position of which, however, has not yet 
been quite determined, but is provisionally taken as a Cycadece near Otozamites Braun, there 
occur some specimens near Kolapilli, but on account of the more sandy stone, the reticula- 
tion of the veins is not so distinct as in the same species from the Rajmahal hills or from 
near Madras. But the identity i| proved. 

7. A fruit of a cycadeous plant belonging to the genus Williamsonia , Carr; 
it is pretty large, as in the Rajmahal series ; in Kach we found some smaller specimens. 

t 

• IV. — Conferee. 

1. — Palissya pectinea , Fstm. This quite characteristic coniferous species occurs pretty 

frequently. * 

2. — Palissya Oldhami also is represented in one specimen. 

3. — JEchinostrobus sp. Two specimens, somewhat indistinct, but from the rami- 
fication and disposition of the leaves they can be placed only in this genus ; the species I 
have not yet determined. 

4. — Scales of coniferous plants of a very large size, belonging most probably to Arau* 
carites , occur in some specimens. 

This general view of the plants from Kolapilli exhibits at once some of the most fre- 
quent pad most characteristic species from the Rajmahal series in the Rajmahal hills, so 
paj safely take them to be on the same horizon, and age. 
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General table showing the relations of the now discussed series and their floras. 


Kach (gebbeally Kach Series) Middle 
Jubass., Europe. 

Rajuahax. Seribs (Lor 

rsa Jubass., Europe). 

Upper horizon. 

Lower horizon (?) 

Rajmahal Hills. 

KolapUli. 9 

Loharia ; not quite dis- 
tinct. 

Doodaee, Bhoojooree, Ku - 
kurbit ; these 3 with 
Oolitic forms, as en- 
umerated above. 

Oolite (lower). 

Thrombow with a Palis- 
sya, like that from the 
Rajmahal series and 
Narbada valley ? per- 
haps representing hers 
the Rajmahal series. 
Near Qooneri , contain- 
ing the Actinoptetis- 
like forms. 

Abundant large Taniopteris , 
Plerophyllum ; true Cycadites ; 
some Otozamites, Palissya (re- 
minding ? Brauni , Endl.) etc., | 
offering a liassic view of the 
plants. 

Some Alethopteris , and a cons- 
tant Palissgaetc., Lias (of Aus- 
tria ?); common plant with the 
upper horizon of Kach, Ptilo- 
phyllum , Morr. ; with Thrombow 
the Palissya species, called by 
me Pal. Oldhami Fstm. i 

Containing abundant Btero- 
phyllum, besides all the 
characteristic plants for the 
“Rajmahal series” of the 
Rajmahal bills (which most 
bo taken as typical). 

Liassic. 

Common with Thrombow , the 
Palissya species called by me 
Pal. Oldhami. Fstm. With 
the upper horizon the conife- 
rous scales (but much larger). 


Tliej’e are two species of the genus Ptilojphyllum Morr., common to both series ; they are Pt. 
cutckense (prevailing in Kach) and Pt. acutifoliumjjloxv., prevailing in the Kajmalial series - 

• * 

I would here give a list of the several works I have referred to bearing on our plant- 
bearing strata, their flora and age. We have Captain SkerwiH (Journ. Asiat. Soc., 1851, 
p. 577,) on the Rajmahal hills, with a map. — Mr. Th. Oldham (in Journ. Asiat. Soc., Bengal, 
1854, p. 263,) On the geology of the Rajmahal Hills. — Th. Oldham and Morris , “On the 
flora of Rajmahal series, Rajmahal hills,” Palseont. Indica, 1862. — Mr. Th. Oldham, Mem. 
Geol. Survey of India, 1860, II Vol., “ On the geolog. age of the rocks in Central India, Raj- 
mahal hills, etc.” — Captain Grant , “ Geology of Kach.” Transactions of the Geolog. Soc., 
Vol. I, sec. series, with description of the plants by Prof. Morris. — Me Clelland : Report of 
the Geological Survey of India, 1848-49, with plates, Calcutta, 1850. — W. T. Blanford , 
Memoirs of the Geolog. Surv. of India, Vol. VI, “On the geology of a portion of Kach,'* 
p. 17.— Mr. Wynne: Mem., Geolog. Surv. of India, Vol. IX, “Geology of Kach”. — 
Dr. W. Waagen : Records of the Geological Survey of India, “Abstracts of results of examin- 
ation of the ammonite fauna of Kach,” etc., Vol. IV, 1871, No. 4, p. 89. — Dr. Waagen: 
“Jurassic fauna of Kach,” Palmontologia Indica, 1875. 

• 

De Zigno : Some observations on the flora of the Oolite: Quarterly Geolog. Journal, 

1860, p. 110. — De Zigno : Sopra i deposite di piante fossili dell America scttentrionule, delle 
Inde e dell Australia, etc., Padova, 1863. — De Zigno : Observations sur les Planches 
de l’Ouvragc de Mr. Oldham : “ Sur les Plantes fossiles des Rajmahal hills” (manuscript, 

1861, in our Library). — De Zigno : Flora fossilis formationis Oolithicae, Vol. I, 1856-68, 
pag. VI, etc. — Bunbury : Central remarks and postcript in his Fossil plants of Nagpur : 
Quarterly Journal Geolog. Soc., XVII, (1861), p. 34, f.f. — Hislopi “Nagpur Sandstone” 
etc.: Quarterly Journal, Geolog. Soc. XVII, (1861), p. 349. Rajmahal Hills. — W. 
Haidinger : Verhandlungen de^ k. k. Geolog. Reichsanstalt, Wien : Pflanzenfossilien aus 
den Rajmahal Hugin, 1861-62, Bericht. vom, 31 Juli, p. 80. 

I may also mention some works in which special mention is made of our fossils. There 
is Mr. Schenk's “ Flora der Grenzschichten zwischen Keuper und Lias”, 1867, where especi- 
ally the systematical position of some of our Rajmahal species is discussed, and where 
j Equisetum Rajmahalense , Oldh., is considered as a 1 i a s s i c form. Mr. J Ettingshausen, in 
his “ Die Farrenkrauter der Jetztwelt ” 1865, mentions especially the Tceniopteris lata , Oldh., 
Tceniopt ., Morris, Oldh., placing it with the living Acrostichum (which, however, is of no use 
in the question of the age); as to the localities he slates : “In format ione Lias dicta ad 
Bindrabun Bengalis.” % * 
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Mr. Saporta , in his “ Vegdtaux fossilos du Terrain jurassique,” in the Paldontologie 
Franyaise, 1872-1875 (Nos. 1-18), mentions in several places onr fossil plants from the 
Rajmahal hills. Of Mr* Schimpers Paldontologie Veg^tale, 1867-1874, I have already said 
what was necessary, and repeat only that our Rajmahal fossils, and also those of the 
Damuda, must be eliminated from his list of the fossil plants of the Oolitic period, and 
be put in their proper places. 

In 1875 we have again a note by Mr. Zigno on the Rajmahal Flora in Yerhandl. d. k. k. 
geolog. Reichsanst. No. 17, where he again approves the L i a s s i c age of the Rajihahal 
Flora. 

I must finally mention a paper by Mr. H. F. Blanford , published in the Quarterly 
Journal, Geolog. Society, 1875, November, with the titl#, “ On the age and correlations of the 
plant-bearing series of India, and the former existence of an Indo-Ocoanic Continent*', in 
which, however, regarding the flora all is repeated from the former publications of the Survey, 
and therefore requires the same corrections. I will only mention that all the lists of fossil 
plants given* by Mr. Oldham were only provisional; and that many of the genera were 
subsequently determined to be different ; which, of course, also changed the conclusions tp be 
made from them. « 

It is thus obvious that I do not agree in identifying the horizon of the Kach with that of the 
Rajmahal series in the Rajfnahal hills, on the Godavari and near Madras. Nor is it at all 
probable that the Damuda serieS are Permian; as the Schizoneura, which is so very 
frequent in the upper Damudas, is not known anywhere in Permian strata, but in 
Trias. I may also mention the recent discovery in the Barakar group of a Vollzia and 
of a very distinct single-pinnate Neuropteris , Bgt., which till now is nowhere known in the 
Palaeozoic (viz,, Permian) strata, but only in the Triassic (viz., Buntsandstein— gres 
bigarre) rocks* ; proving, besides other evidence, that the lower Damudas also are of 
mesozoic age, as I will show more fully in a later paper. From these facts one will be also 
able to make further conclusions on the age of the Australian plants, as being identical with 
our Damuda plants. 


Description of a cranium of Stegodon ganesa, wun notes on the sub-genus and 
allied forms, by It. Lydekher, B. A. (Cantab), Geological Survey of India . 

The cranium described in the present paper is a remarkably fine and nearly perfect 
specimen belonging to Stegodon ganesa (Falconer). It was discovered by Mr. Theobald in 
the grey sandstone beds of Maili, belonging to the middle Siwalik series. In describing this 
specimen I have of necessity been led to examine the other allie^ species, and in the present 
paper intend giving a few notes on the sub-genus. 

The sub-genus or genus (?) Stegodon as originally founded by the late Dr. Falconer, 
comprised four species, viz., S. insignia, S. bombifrons, and S. ganesa , from the Siwaliks, and 
S. cliftii, from the tertiary beds of the Irawadi : subsequently* Professor Owen (Q. Jour., Geol. 
Soc., Lon., 1870, p. 417) added two other species to this list, viz^ S. orientals and S. sinen- 
sis, founded on fragments of molar teeth brought from China. In spite of the reputation of 
the founder of these last two species, I cannot help doubting their validity as being 
based on the characters of the teeth alone, as these are so very similar in all the species ; at 
the 'Same time, I should be by no means surprised that, if at any time the crania of the 
Chinese species should be discovered, it (or they) would be found to differ from the Indian 
( <#pec*w'' 

Scto'Pcr and Mougeot: Monographic dos planter fos&ilcs difgrcs bigarrd doe Vosges, 1847, 40 plates. 
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The sub-genus was founded on the peculiar character of the molar teeth, the grinding 
surface of which is divided into a series of transverse hills and valleys, the enamel passing 
over the surfaces of both, and not penetrating into the substance of the crown: these ridges 
are capped by a number of small eminences, generally known as cusps ; there is never any 
distinct antero-ppsterior valley running across the ridges, by which negative character the 
sub-genus is at once easily distinguished from the allied genus Mastodon. * 

Of the four Indian species of the sub-genus, Stegodon cliftii has the smallest number 
of ridges, which sufficiently distinguishes the molars of this species. Of the other three 
species we find the ridge-formula to be exactly the same in all ; the molars, indeed, of S. 
insignis and S. ganesa , Dr. Falconer says, (Pal. Mom., vol. I, p. 80), are so alike, that the 
“ differences are practically insufficient for the discrimination of the two species.* * The 
molars of S. bombtfrons are distinguished from those of the other two species by having 
the ridges “ broader and less elevated, with more open hollows the distinction is, however, 
very slight indeed. Prof. Owen, in his paper cited above, lays great stress on the number of 
cusps on the ridges, as affording a valuable distinction between the molars o£ the different 
species of Stegodon ; this appears to me to be a somewhat insufficient character, and one 
winch would be extremely likely to vary in different individuals., and I do not find that it 
holds good for the molars of the crania of the different*species in the collections of the Im- 
perial Museum. 

I therefore consider tlic molars of Stegodon ganesa and Stegodon insignis as indistin- 
guishable one from the other,* the skulls are, however, easily recognized, that of S. insignis 
“being singularly modified, so as to bear an analogy to tho cranium of Deinotherium , while 
the head of S. ganesa does not differ much from the ordinary type of the elephant” (Pal. 
Mem., vol. I, p. 81). In spite, however, of this striking difference in the two crania, Dr. 
Falconer, subsequently* to writing the above passage, had reason to doubt the specific distinct- 
ness of S. ganesa : he did not state, however, on what grounds, or with which species he pro- 
posed to amalgamate it ; the distinctness, however, of the molars of Stegodon bombifrons 
shows that it must have been* with S. insignis . If any certain distinction could he drawn 
between the molars of S. insignis and S. ganesa , it would be of itself sufficient to confirm 
the distinctness of the latter ; as it is, we are driven to depend on the character of the crania 
alone. 

• 

At first sight the huge tusks and alveoli, the large size of the inter-alveolar fossa and of 
the nasal fossa, together with the high and vaulted frontals, appear alone quite sufficient to 
distinguish the cranium of S. ganesa from the small-tusked S. insignis , with the small 
nasal fossa, and the peculiar flattening and ridging of the frontals ; if, however, we turn to 
the figures of the crania of S. insignis in the " Fauna Antiqua Sivalensis,” we shall find that 
the peculiar shape of the frontals of the adult of S. insignis is not present in those of tho 
young animal : (the peculiarity in the adult arising from a partial development of the 
intertabular fossae). From this fact, in accordance with Falconer’s doubts, I have thought 
it might be possible that S. ganesa is only a huge-tusked male form, of which S. 
insignis is the female ; in the former, in correlation with the great development of the lower 
part of the skull to carry the large tusks, the frontal sinuses are also developed in like 
manner, and not aborted as in the female (S. insignis). 

The size of the crania of 5. ganesa in the British Museum is, however, much larger in 
proportion to those of S. insignis than occurs in the living species of elephants; and T 
cannot but think it expedient to continue to consider the two as distinct species, as the 
crania are so widely different. The present cranium has smaller tusks than any described 
specimen of 8 . ganesa , although they are still much larger than those of 8. insignis . I 
think it, therefore, not improbable that this may he a female form, which supposition wwild 
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at once do away with the above hypothesis ; there appears to be a difference in the number ' 
of cusps in the molars of this specimen from typical forms, which, according to Prof. Owen, 
might be grounds for specific distinction. 

Apparently, from the specimens in Falconer's collections in the typical Siwalik strata 
of the districts adjoining the Jamna, which include t^e highest beds of the series, the 
skulls and molars of the highly specialised sub-genus Euelephas , as exemplified by 
JE. hysudricus, were equally common with either of the species of Stegodon; passing, 
however, more to the westward, towards the Satlej and the Beas districts, wc find that 
most of the fossils obtained by Mr. Theobald (which form the chief part of the Siwalik collec- 
tion of the Geological Survey) are obtained either from the middle grey sandstones, or the 
lower red clays, —both older than the Markanda rivor beds ; among these fossils the pro- 
portionate number of Stegodon molars to those of Euelephas is about 30 to 1 ; or in the pro- 
portion of 10 to 1 (allowing for the three species of Stegodon). In the newer deposits of 
the Narbada valley, we find JEuelephas Namadicus the dominant species, while Stegodon is 
only represented by a few specimens of S. insignis ; in the present Indian Fauna, JEuelephas 
alone survives, Stegodon having died out ; the latter genus is confined to the tertiary beds of 
India, Burma and China ; we find, therefore, as might have been predicated on anatomical 
grounds, that thejsimple form, Stegodon , appears to have been gradually dying out since 
Siwalik times (how long bfefore that it originated we are unable at present to say), and to 
have been replaced by the more highly specialized forms of Loxodon and JEuelephas, of which 
the latter is the most highly speciafized. The pedigree of the Prohoscidia is probably some- 
thing of this sort, as shown in the diagram ; Tapirus connecting it with other Ungulata . 


EUELEPHAS 

Namadicus. / Iwlieut 

Hysudruus 

LOXODON /-■ Primigcnius 

Planifrons ... . Africanus Antiquus 

\Meridionalis 


JBombifrons^ 


Oanesa - 
Insignis - 

Perimensts 

Sivalensis 


STEGODON 

\ Cliftii 


Orientalis I 
' Sinensis ? 

European and American 
* species 


Latidens 

DEINOTHERIUM * MASTODON 



COMMON ANCESTOR 


Until geological explorations have been carried out to a greater extent in the countries 
between India and England, it is impossible to say in which direction the migration of 
elephants took place j it "would not, however, he unreasonable, from the number of species 
and genera found in the Siwaliks and other Indian strata, to suggest that India was the original 
home of the family (j Elepkas, Mastodon , JDeinotheritifp , and Tapirus are all found fossil in 
Inlia), and that the migration took place from thence, all the sub-genera having taken origin 
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in that country, probably long before Siwalik times ; thus Loxodon planifrons, or an unknown 
allied specieB, might have travelled westward and given rise to Loxodon meridionals of the 
English “ Forest Beds,” and subsequently to the living Loxodon africanus . In the same 
way, Euelephas may first have given rise to the Siwalik species, from which again sprung 
the Narbada species and the living Euelephas indicu*, and on the other hand, to another 
branch which trilled over Asiatic Russia, and thence to Europe, producing the Mammoth 
E. primigenius and the other European species. 

Ufastodon, as having the widest distribution — Europe, Asia, and America — as well as from 
being the most generalized type of the family, may well be considered as the most ancient 
form of the group ; its earliest occurrence in India is in the supra-nummulitic beds of Sind 
and Kach, and its latest existence was probably in the marshes of the Ohio, where it not 
unlikely lived down to the human period ; it is the only American representative of the 
family, and its migration may well have taken place from India westward to America. 
Mastodon was the first of the elephants to l( die out in India, it being unknown after the 
Siwalik period. 

* 

The present specimen of Stegodon ganesa exhibits the whole of the cranium in very 
perfect and complete condition ; the chief injuries are the absence of the zygomatic arches, 
which have been broken off close to their respective origins ; and the absence of the greater 
portions of the tusks, the incisive sheaths having been broken off near their base ; the bones 
composing the wall of the left temporal fossa have been much erhshed and comminuted, but 
have been subsequently roughly recemented together by a calcareous infiltration. 

In its original state the cranium was almost completely embedded in a mass of the com- 
mon Siwalik grey sandstone, which, though generally soft, became almost as hard as granite 
as it approached the bone. The mass of stone in which the sjtecimen was embedded was, as 
is so commonly the cafce with Siwalik fossils, a detached boulder, which had undergone a 
considerable amount of rolling and weathering : the fractured extremities of the tusks had 
evidently been exposed for a considerable time to the action of the weather, being much 
decomposed, and easily separating into a series of concentric rings. The hone had lost its 
animal matter, adhering very strongly to the tongue, and absorbing a great quantity of the 
glue with which it was treated. 

The general outline of the facial and frontal portions of the cranium correspond nearly 
with that of Colonel Baker’s large cranium of this species, in the British Museum ; this is 
noticeable in the comparatively large size of the incisive sheaths, the large and deep fossa 
between them, and iu the continuity of the fronto-incisive planes ; when examined in detail, 

however, certain fmaller points of difference exhibit themselves. 

& 

The frontal plane of Colonel Baker’s specimen of this species is remarkable for its 
broad and smooth expanse, scarcely roughened by any ridge or protuberance; in this speci- 
men ahold rounded ridge is continued upwards and backwards j^long*the mesial line of the 
frontals from the nasals, and terminates in a rounded boss, some eight inches above the 
naso-frontal suture ; on either side of this ridge there is a marked depression, broadest above 
the nasals, and gradually narrowing as it passes upwards : externally to this depression a 
sharp trihedral ridge is continued upwards from the post-orbital process of the frontal, im- 
perceptibly losing itself in tbe fiat surface of the parietals. There is no resemblance to 
the flattened upper frontals and supra-nasal ridge of the cranium of Stegodon insignis . 

The large dimensions of the nasal bones (see table of measurements) differ from those 
of typical specimens of the species, and still more widely from those of all other species, 
especially 8* insignis , in which they are remarkably small ; they arc more than double iho 
size of the corresponding bones in Cohyiel Baker’s cranium, and four times that of the nasals 
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of £}. insignis. The nasals form a downward prolongation of the mesial frontal ridge ; they 
are of great thickness, being composed of a mass of finely cancellated bony tissue, project 
far over the nasal fossa, and have a somewhat quadrate free termination. The lower border 
of the frontals, forming the upper boundary of the nasal fossa, sweeps upwards in a bold 
arch on either side of the nasals : in Colonel Baker’s cranium this line of the frontals is 
much straighter and is scarcely interrupted by the small nasals. The lqper border of the 
nasal fdssa slopes away evenly from either side to the median line ; at this line a deep trian- 
gular notch, on either side of which arc the posterior processes of the preraaxill©, connects 
the nasal and incisive fossae ; below this notch the incisive fossa becomes suddenly very deep ; 
in Colonel Baker’s cranium the inter-premaxillary notch is much shallower, and the processes 
blunter : in 8. insignis the notch is almost absent, and the incisive fossa becomes gradually, 
not suddenly, deep. 

The incisive fossa is of great size and depth, its outer walls are nearly perpendicular to 
the base, and parallel to each other ; in Colonel Baker's cranium the inner walls of the 
incisive sheaths are curved, the concavity looking inwards : in 8. insignis the incisive sheaths 
are very slender and diverge rapidly outwards, in a manner very different from either of the 
above. , 

In a side view of the cranium, the Upper boundary of the large temporal fossa is of an 
elongated ear-shape, just as in Colonel Baker’s specimen ; the cranial wall of this fossa runs 
in a plane nearly at right angles to the roof of the cranium, as far down as a line connect- 
ing the post-orbital process of the 'frontal with the lower border of the posterior zygomatic 
root; along the line of the nervous foramina, there is an abrupt fall inwards from this 
vertical plane, to join the plane of the molar alveolus. In Colonel Baker’s specimen the 
wall of the temporal fossa begins to curve inwards very rapidly, which curve is continued 
without any break at the nervous foramina, to join the plane of the molar alveolus. In 
Stegodon insignis the temporal fossa is curved antero-posteriorly, as well as from above down- 
wards, differing very markedly from either of the above forms. 

The walls of the temporal fossa, in this and in all other specimens of Stegodon ganesa 
that I have seen, are straight antero-posteriorly, and are placed nearly at right angles to 
the plane of the face ; there is never any wedge-shaped indentation of the fossa towards 
the median line in the middle of the frontals, which renders the greater part of the walls 
of the fossa visible from the fropt of the skull, as always occurs in the crania of Stegodon 
insignis, and which gives it its characteristic form. 

In the crania of all other elephants that I have seen, the course of the optic nerve, 
after emerging from its foramen, is continued outwards across the orbit, m a deep channel, 
which grooves the inferior surface of the post-orbital process of the frontal ; in the present 
specimen this channel is absent, the t surface of the bone being perjjpetly smooth ; this feature 
is probably only an individual variety. 

In a front view of the cfanium, as stated above, only a very small portion of the tem- 
poral fossa of either side comes into the field of view ; the external outline of the lower 
portion of the cranium differs in several respects from Colonel Baker's specimen, probably 
owing to the smaller size of the tusks. The anterior zygomatic root stands out from the 
outer border of the incisive sheath almost at a light angle, throwing the infra-orbital fora- 
men entirely out of the line of the incisive fossa, while the foramen itself looks nearly 
directly forwards. In Colonel Baker’s specimen the anterior zygomatic root slopes away very 
gradually from the outer wall of the incisive sheath at an obtuse angle of nearly 120° the 
infrtfaorbital foramen occupies a notch in the outer border of the incisive sheath, and looks 
eoMierably outwards as well as forwards. The position and form of the anterior zygo- 
matie root and foramen in the present specimen resqjnble the position of the corresponding 
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portions in the cranium of Stegodon insignia, and might, therefore, be taken as evidence, for 
the specific identity of the two forms : I rather regard this position, however, as duo only 
to the smaller size of the tusks ; while the greater size of the present cranium, and the form 
of the frontals and temporal fossae, serve to show that a smaller tusked form of Stegodon 
ganesa exists, without making any approach in the form of the upper cranium to the 
cranium of Stegodon insignis, so peculiarly modified in the upper regions. 

The occipital surface is much flattened, having an irregular hexagonal outline, of which 
the parietals foiyn the longer superior border, and the condyles the shorter inferior border; 
on itfi outer side, this surface slopes away rapidly to form the posterior boundary of the 
temporal fossa ; the hollow for the insertion of the ligamentum nuchas commences about five 
inches above the foramen magnum, and is continued vertically upwards for a distance of 
eleven inches, averaging an inch and a half in width, and rather less in depth. 

The following measurements of this cranium are compared below with those of Colonel 
Baker’s specimen, figured in plate XXI of the Fauna Antiqua Sivalonsis, and described at 
page 33 of the description of the plates to the above : — 


Measurement in inches of crania. 


Width of incisives at infra-orbital foramen ... ... *. 

Width of ditto below ditto ... ... « 

Length of cranium from occipital condyles to anterior border of molar 
alveolus ... ... ... 

Vertical height from condyles to sinciput ... 

Lateral diameter across occipital condyles 

Antero-posterior diameter of left condyle ... ... ... ... 

Transverse diameter of ditto 

Ditto ditto of foramen magnum ... 

A ntcro- posterior diameter ditto 

Diameter of widest part of supra-occipitai ... ... 

Ditto naso- prsemaxillmy fossa 

Interval between nasal fossa and post-orbital margin of frontal ... ... 

Extreme width of frontals , ... 

Length of incisive (broken in specimen) ... 

Depth of zygomatic fossa 

Estimated width of cranium between centre of temporal fossa ... 

Height from lower margin of meatus audit orius externus to sinciput 
Ditto posterior margin of molar alveolus to sinciput ... j 
Length from upper border of foramen magnum to posterior margin of 
molar alveolus 
Vertical height of orbit 

Transverse diameter of middle of left incisive sheath 
Vertical diameter ot«left incisive sheath ... 

Ditto of infra-orbital foramen ... - 

Transverse ditto ditto 

Interval between distal ends of second molar ... .. , 

Interval between proximal ditto ditto ... ... ... 

Length of right second molar 

Width of ditto ditto dittq at second ridge ... ... 

Ditto ditto ditto ditto at penultimate ditto 

Vertical height from posterior extremity of outer border of second molar 
alveolus to post-otbital process of frontal 
Distance between outer surfaces of second molars at fifth ridge ... ... 

Antero-posterior diameter of meatus auditorius externus 
Transverse ditto ditto ditto ... ... ... 

Length from upper border of foramen magnum to tip of nasals ... 

From tip of nAsals to prsemaxillary protuberance 

Height from lower border of anterior zygomatic root to crown -surface of 
second molar ... 

Width of nasals at base ... ... ... 

Length of ditto ... ... ... 

Long diameter of posterior nares ... 

Transverse ditto ditto ... • 


Present 

specimen. 

Col. Baker’s 
S. ganesa. 

<* 


6*5 

7*5 

65 

10*75 

25*0 

25-0 

25*0 

240 

00 

9-2 

5*0 

6*0 

4*0 

3*85 

30 

3*0 

29 

3*1 

28*0 

20-2 

10*0 

10*0 

4*3 

4*o5 

27*5 

26*26 

21 0 

31*0 

4*5 

4*25 

17*0 

19*25 

20*0 

18*0 

30*0 

32*0 

9*0 

9'5 

8*9 

3*78 

8*0 

11*5 

7*8 

100 

3*7 

3*85 

15 


40 

2*7 

6*2 

3*25 

16*0 

11*9 

4*3 

4*05 

6*5 

60 

21*5 

21*0 

13*5 

12*0 

1*2 

1*16 

1*0 

1*0 

65*0 


7’0 


25*0 


6*5 

3*0 

3*8 

1*6 

60 


3*0 
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From the above table of measurements we find tbe general measurements of the two 
crania not varying more than might be expected in two different individuals; but the 
respective dimensions of the tusks and their alveoli are very different. Thus it will be 
seen that, in the present specimen, the transverse diameter of the incisive sheath above 
and below the infra-orbital foramen is the same ; while in Colonel Baker’s cranium the sheaths 
are constricted at the foramen, and suddenly expand below this point. The transverse 
diameters of the incisive sheaths of the two crania below the infra-orbital foramina are in 
the proportion of 8 to 11*5, and the antero-posterior diameters in the proportion of 7 to- 
10. The "circumferences of the respective incisive sheaths are 20 and 30 inches; the 
length of the tusks of Colonel Baker’s specimen, from the distal extremity of the incisive 
sheath to their tip, is 9 feet 8 inches ; if the length of the tusks in the present speci- 
men bears the same proportion to their diameter, as it does in Colonel Baker’s specimen, 
this would not have exceeded 6 feet 9 inches, making a difference of 2 feet 9 inches 
in the length of the tusks in the two individuals ; very probably tho difference may have 
been still greater. 

The neift most noticeable difference in tho measurements of the two skulls occurs in 
the palate ; the palate of the present specimen is wider than that of Colonel Baker’s specimen, 
in the proportion of 4 to 2*7 at one end and 5*2 to 3‘2 at the other. The nasals of the 
present specimen *are nearly twice as large as those of Colonel Baker’s specimen ; the trans- 
verse measurements being* 5*5 and 3*0, and the antero-posterior measurements 3'8 and 
1*6 inches. • 

The vertical height of the present specimen is one inch greater than that of Colonel 
Baker’s specimen ; and the width of the frontals is inch greater. 

If now we turn to the figures of tho crania of Stegodon f nsignis given in plates 16 
and 17 of the u Fauna Antiqua Sivalensis ” with their accompanying measurements, wo 
find that the specimen figured in plate 17, fig. 1, has a diameter of only 25*6 inches 
across the occiput, 3 inches less than in the present specimen ; while its vertical height 
is 4*5 inches less ; the whole cranium, in fact, being greatly smaller than the present, 
and differing by the peculiar form of the forehead so greatly as t6 have very little general 
resemblance. 

From the above facts I conclude that the present specimen proves the existence of a 
small-tusked variety of Stegoddh ganesa , of which the cranium is at least as large as in the 
big-tusked variety, and which, moreover, shows no approach to the peculiarly modified 
cranium of Stegodon insignis, of which the tusks are still smaller ; the present specimen 
might, well be a female of Stegodon ganesa , while Stegodon \ins ignis will still stand as a 
distinct, though closely-allied, smaller species (in the modem acceptation of the term) dis- 
tinguished by its peculiar frontals syid temporal fossae ; the teeth of the two species being in- 
distinguishable from each, and indicating a very close affinity. 

Continuing our description of the present specimen, we find that two pairs of molars 
are protruded from their alveoli ; the first pair have been in wear tor a considerable period, 
and are much worn away in front, the number of ridges remaining being only seven. In 
the second molar of the left side, eight ridges may he counted, together with an anterior 
talon ridge: between the first and second ridge there is a small conical tubercle on the outer 
aide. Tbit fholar is only partially protruded from its alveolus ; from tho width of the last 
visible ridge, there must be two or three more ridges still concealed in tbe alveolus : this 
would make the tooth the last of tbe permanent molar series, in which the number of ridges 
should be either ten or eleven; the penultimate molar never has more than eight ridges; 
the feet of this tooth being the last of the. series proves the animal^to have been fully adult! 
v «md that the tusks had attained their full size an development. " 
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The unworn ridges on the last molar are remarkably clear and sharp, displaying in 
great perfection the cusps on their summits ; as in the typical specimen, they have the usual 
transverse bowed form, with clean transverse valleys, without any trace of a median, fore- 
and-aft cleft; the outer side of the worn ridges is4ower than the inner side. 

The first ridge of the ultimate molar is unusually thick and massive; it has an 
imperfectly-divided talon on its anterior side: its longer or transverse diameter is 4 
inches, and the shorter or antero-posterior diameter 2 inches ; the interval between 
the Summits of the second and third ridges is 1*2 inches, and that between the 
seventh and eighth ridges 1/6 inches. The depth of the valley between the sixth and 
seventh ridges is 1*5 inches; transverse diameter of the fifth ridge is 4*2 inches. 
On the fifth ridge there are no less than thirteen sharply-pointed cusps visible : tho sixth 
cusp, counting from the inner side, on this, and the immediately adjacent ridges is some- 
what larger than tho rest, and its hollow on the outer side somewhat deeper. This sixth 
cusp and valley will pTobably indicate the line homologous with* the medial fissure of the 
molars of Mastodon. 

» 

% The great number of cusps on the ridges of the last molar is an unusual character 
among the Siwalik Stegodons ; a character to wlijch, however, as stated above, I do not 
attach much value : the thirteen cusps on the fifth ridg'i do not probably represent the total 
number, as the whole of the ridge is not protruded from its alveolus ; there are, no doubt, 
at least two still concealed ; this would bring up the whole^number to fifteen. 

The greatest number of cusps contained in a single ridge of any of the molars of 
Stegodon ganesa figured in the " Fauna Antiqua Sivalcnsis ” is eight ; in S. insignis ten ; 
and in S . bombifrons nine. In Stegodon orient alls. Prof. Owen says, the cusps are “about 
a dozen in number” ; and in S. sinensis he infers them to bo twelve or thirteen. If the 
number of cusps be any criterion of specific identity, as Prof. Owen thinks it is, the pre- 
sent cranium would belong to a fifth Siwalik species, which would be most nearly related 
to the Chinese species. The close resemblance of the cranium, however, to the typical 
Stegodon ganesa at once forbids this supposition ; and I should be therefore inclined to 
doubt the validity of Prof. Owen’s new species, founded mainly on this character. 

As an instance of the variability of this character, I may cite a specimen of a right 
mandible of S. insignis in the collection of the Imperial Mujeum (No. 63 S.) ; the specimen 
contains the third milk-molar just protruded from its alveolus ; this tooth shows seven 
ridges ; the fifth of these carries eleven cusps, a greater number than I have seen on even 
a last molar of this species. I think, therefore, that this character, as of specific value, 
must be abandoned ; if so, Prof. Owen’s Chinese specimens myst also be abandoned, as they 

are founded chiefly on this character and some slight variation in the enamel. 

• 

ir - 

* 

Note upon the ,Sub-Hij4alayan Seuies in the Jamtj (Jummoo) Hills, by H. B. 

Medlicott, m. a., Geological Survey of India . 

The * Jamu Hills* may conveniently bo taken to designate the several ranges, of steadily 
decreasing elevation, between the flanks of the Pir Panjal and the plains of the Panjab, 
from the Rdvi to the Jhelam. At the Ravi they are the direct continuation of the ranges 
in the K&ngra district. For many years this ground has been a missing link in our study 
of the great Sub-Himalayan series of tertiary rocks. So long as those territories could 
boast of a geologist of their own, we refrained from trespassing upon his rights ; but soon 
after the departure of Mr. Draw, steps were taken towards closing this gap in our wor . 
Every facility has been granted to us by His Highness the Maharajah and his ministers. 
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* The special point to be cleared up was, the discrepancy between the sections of these 
rocks as described by me in 1862 (Mem. Geol. Surv., Ind., Vol. Ill) in the region of the 
Ganges and the Satlej, and those observed by Mr. Wynne in the country west of the Jhelam. 
I had made out two very marked breaks in the series. One was where the topmost beds of 
the great mammaliferous deposits rested against and upon an inner belt of older rocks. As 
the former were conspicuously the home of the famous SiwaKk fossils* I restricted this name 
to that younger group of rocks, giving the name of Nahan to the older beds upon which 
they rested unoonformably. It was certainly rash of me thus to tamper with a weil-ljnown 
name. Although the fauna of the Nahan rocks is still unknown to us, it presumably will 
include mammalian remains, having more or less of affinity to those known as Siwalik ; and 
it may be paleontologically desirable to make the same name cover all. This, of course, can 
still be done, if required, substituting some local name in the application I gave to Siwalik. 

The second break in the eastern section occurs where the Nahan rocks abut against the 
old slaty rocks of the higher mountains, high upon which there rests an extensive rem- 
nant of still older tertiary deposits, including at their base the nummulitic beds of Subathu, 
transitionally overlaid by red clays and grey sandstones in distinguishable zones, to which I 
gave the names Dagshai and Kasaoli. I subsequently denoted these three older bands collect- 
ively as the Sirmur group, it being desirable to restrict the name Subathu to the nummulitic 
zone proper. There was little direef evidence as to how far the boundary between the Ndhan 
and Sirmur groups might filso be an aboriginal unconformity, or altogether due to flexure and 
faulting ; but the fact that in tkf lowest outcrops of the Nahan band over a very large area 
no symptom could be detected of the very characteristic Subathu zone, nor any specific 
representative of the Kasaoli beds, which in the contiguous area are repeatedly marked by 
peculiar plant layers, gave strong presumptive evidence for the supposition of aboriginal un- 
conformity. * 

• 

No trace of these very marked strati graphical features of the Simla region could be 
detected by Mr. Wynne in the country west of the Jhelam ; although several of the zones 
could be identified with great certainty. The Subathu nummulitics are very characteristically 
represented west of Mari (Murree), and over them, at Mari itself, the rocks exactly resemble 
the Dagshai beds ; while at .the upper end of the series the Siwaliks are in great force, with 

their characteristic fossils. 

** 

As an unknown quantity between these two contrasting sections there was the remark- 
able fact that the axcB of flexure in the rocks west of the Jhelam have a direction at right 
angles to that of the contiguous Himalayan ranges ; the change taking place abruptly along 
the course of the river. It is the junction or confluence, the knee, as it has been termed, 
between the lines of the Himalaya proper and those of the Hindu Kush. There seemed 
a possibility that the total disappearance westward of the boundaries so strongly marked at 
the base of the Himalaya east of the Satlej might be closely cbnnectod with this striking 
transverse feature of the mountain structure. Such, however, is not the case. These two 
systems of flexure are continuous and cotemporaneous. 

The difficulty of establishing divisions in the immense series of tertiary strata which 
has so hampered Mr. Wynno in his examination of the trans- Jhelam country, had already 
strongly declared itself to me in the hills between the Satlej and the Ravi. On the map 
published with my memoir, it will be seen that the N ahan-Siwalik boundary and the Nahan 
zone itself is stopped abruptly and arbitrarily at the Satlej. I found that the abutting, 
overlapping junction of topmost Siwaliks against low Nahans had gradually changed into 
vertical parallelism ; the ridge of Nahan rocks here taking the form of an anticlinal, sinking 
toHfo north-west, rotted the point of which the Siwaliks turn over into the inner valley. 
jSSb4ixig that the several broad duns (flat longitudinal valleys) of the Kangra district were 
’ipttChpiM by rock* of Siwalik type, and not having: time to work out their approximate 
separation from the core of N&han beds in some or the dividing ridges, I coloured tb 
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whole area as Siwalik, giving due notice of this on the map itself and in the descriptive 
text. Thus already in the Kangra district the Naban-Siwalik boundary was extremely 
difficult to fix. 

The other great boundary-feature of the Simla region, that between the Nfihan and 
Sirmtir groups, also undergoes much change immediately west of the Satlej ; and in a similar 
manner to that described for tile Nahan zone ; the whole Sirmdr group becomes lowered along 
the strike to the north-west, so that the Sub&thu zone is altogether suppressed. On this 
account, and because this structure would probably bring in higher beds, the north-western 
extension of the Sirmtir band was coloured as N&han in my map of 18G2. It is for this 
zone the beginning of the compromise that must be adopted to reconcile the different distri- 
bution of the strata in the separate sections of the mountain, region. The actual boundary 
of this innermost tertiary zone is still as clear as ever, because there is a corresponding 
change in the outer contact rocks ; Siwalik conglomerates abutting against it all along the 
K&ngra Dun. 

There is still a leading feature of contrast between the two regions separated by the 
Jamu hills. In the Simla region the Subathu beds rest on a deeply denuded sifrface of the 
next oldest strata, supposed to be of lower secondary age ; whereas beyond the Jhelam no 
such unconformity has been observed. This, it is etfdent, is a difference of precisely the same 
character as those already noticed within the tertiary Series ; and it is very noteworthy that 
these changes coincide in position with the most remarkable bend yi contour of the boundary 
of the higher mountains, formed of old rocks, where for a length of nearly eighty miles it runs 
north and south, making an angle of 45° with the general course of the range. The direct 
continuity of the outermost base of the hills bounding the plains is maintained, past this 
bend of the higher mountains, by a greatly increased width of the fringing belt of the 
tertiary rocks. • 

These leading features of the two regions, as partially sketched in the preceding para- 
graphs, have been for some time more or less fixed ; and the interpretation I have put Upon 
them is simply that the disturbances marking the Himalayan system, as displayed in the 
centre of its area t are of earlier date than those affecting the terminal portion and the 
Hindu Kush ; that in early or middle secondary times a general elevation occurred of 
the south Himalayan area, along the border of which the Sirmtir deposits subsequently 
took place ; that the eocene period was closed by the more special disturbance with crushing 
which constituted, perhaps, the principal phase of the mounts formation ; that after a period 
of denudation the Nahan deposits set in ; that a similar interruption produced the break 
between the N&han and Siwalik groups ; while during all that time little or no elevation took 
place in the region of the Jhelam. Our observations in the Jamu hills have not disturbed 
these conjectures. 

During the past cold season I had the advantage of going over part of my old ground, 
from the Satlej to the R&vi, through the Jamu country, and over a part of the trans- Jhelam 
districts, in company with Mr. Theobald and Mr. Lydekher. The snow prevented us follow- 
ing the innermost tertiary boundary along the flanks of the Pir west of the Chenab ; but 
this was not our principal object, and Mr. Lydekher is now engaged in examining that 
ground. We satisfied ourselves that on the Satlej there is no assignable break, faulted or 
otherwise, in the sequence frond the Nahan to the Siwalik strata, although a very approxi- 
mate position (that given in my map) can be made out for the change from the harder, 
deeper-coloured clays and sandstones of the former, to the paler or brighter and softer rocks 
of the fossiliferous upper group. This distinction is more or less discernible throughout the 
whole range to the north-west. It may be very well seen on both sides of the Dakrala ridge 
between Jhelam and Rawalpindi. 

As might be expected from its much greater magnitude, the middle tertiary break-~that 
appearing in the Cis-Satlej region as a Nahan -Sirmur contact, and in the Kangra district 
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marked on my map as a Siwalik-N&han boundary— is clearly defined for a much greater 
distance westward than the N&han-Siwalik break of the Simla region. On the R&vi, as all 
through the Kangra district, the Siwalik conglomerates are in great force along it ; but 
west of the river an oblique strike brings in lower beds, which are less distinguishable; , still, 
the feature as a structural break is easily followed to near Udampdr, where the fault dies out 
in the irregular flexures of the region of the Choti-Tawi. Hetfe one must trust to aboriginal 
characters of the strata in any attempt to separate the lower as well as the upper zones of 
tertiary rocks. 

* In examining the extension of the inner belt of tertiaries this year, I hit upon two 
outcrops bearing on this point. Where this zone runs north and south along the left bank of 
the Ravi, under the point of the Dhaoladhar ridge, it is very much compressed, being not 
more than a quarter to half a mile in width. In this very crushed, probably inverted, 
outcrop I found a characteristic sample of the Kasaoli plant bed, the only occurrence of it 
known west of the Satlej. Should the unconformity between the Kasaoli and N&han 
horizons in the eastern region be confirmed, this observation will extend the separation of the 
zones up to the Ravi ; and I shall have been over-cautious in introducing the N&han strata 
in this position so far to the eastward on my map. * 

Whore the R&vi leaves its mounjuin^gorge and turns sharply to the south, there is also 
an acute bend in tho strike of the bottom tertiary zone, and from here to the westward this 
band increases steadily in ^idth, chiefly owing to the gradual retreat of its inner boundary, 
which crosses the high ridge intd the Chenfib valley north of Chincni. The breadth here at 
fifty miles from the Ravi is over twelvo miles. In the valley of the Pino over the village of 
Marun, fifteen miles from the Ravi, I got a small outcrop of earthy nummulitic limestone, 
the first identification of the Subathu zone west of the 13eas. This case illustrates well the 
difficulty of fixing the bottom division of the tertiary series — the Sub&thu-Dagshai boundary, 
if the Sirmur group maintains its distinctness so far ; or the Subathu-Nahan boundary, if 
the Upper Sirmur group merges into the Nalian group, as seems certainly to occur at some 
part between the Ravi and tho Jhelam. This nummulitic outcrop on the Pine, in the midst 
of a great section of bright red clays and pale-greenish sandy beds near the south boundary 
of the Sirmur band, is about the highest position in which I have found nummulitics ; and it 
exhibits again how closely the great supra-nummulitic red deposits are connected with that 
formation in the Himalayan region. 

I may here note an important observation I made this year regarding the inner boundary 
of this oldest tertiary zone. In tho position already noticed along the west baBe of the 
Dhaoladhar where the recognisable band of these rocks is so narrow, being compressed, 
crushed, and apparently inverted, there is no definable boundary between them and the 
contiguous rocks of the mountain which here consist of a broken amorphous mass in a semi- 
metamorphio trappoid condition, red and green vesicular and quasi-amygdaloidal pseudo-trap 
being the prevailing type. The amygdala are not the smooth vesicles produced by elastic 
fluids in a fused rock ; they are of irregular shape, but are quite filled with infiltrated minerals. 
There is a magnificent fan of the debris of this crumbling mass just below Simliu, and now 
deeply cut into on the left bank of the R&vi. I could not but conclude that this peculiar rook 
is a metamorphosed condition, through enormous pressure, of the Sub&thu nummulitics. Now 
it exactly resembles the so-called trap of the Pir Panjal and Kashmir, the ddbris of which is 
the most abundant shingle in the torrents from that range, and of the age or origin of which 
there is no definite knowledge. If the observation here recorded can be extended to that 
region, an important step will he made towards understanding its intricate geology. 

' As the inner tertiary zone expands to the west of the R&vi, the enormous thickness of 
the supra-nummnlitie groups has room to display itself. The cross-gorge of the Choti-T&wi 
is a line of depression, the rocks of the high ridge to # the north-west of it having a steady 
south-easterly dip. Strata much higher in the series occur here. There are thick masses of 
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pale soft days north of Chindni that may even be Siwalik. Indeed, here for the first titne in 
this seme, which in the east, as has been said, is lifted bodily upon a pedestal of the old slates* 
we find, as is so general in the outer tertiary zones, conglomerates along the inner boundary 
of the area and forming the top of the series. At several places in the upper Tdwi valley, 
below the Bind! gap* coarse and massive conglomerates are at the contact nearly vertical. 
These are most important, as bearing upon the question of sub-division of this Suh-Himalayan 
tertiary series : do these beds represent the Siwalik conglomerates P If not, we can%carcely 
avoid the inference that there are concealed unconformities to he looked for. The search for 
fossils is the most hopeful way of settling the point ; but as I was traversing the country by 
forced marches to- pick up the leading structural features of a large area, I could not stop for 
this purpose. The internal evidence of the beds themselves is, however, very significant : the 
imperfectly rounded shingle, some blocks as large as 2 feet in diameter, is almost exclusively 
made up of the bottom tertiary sandstone. The identification is certain, A fact of this 
nature was one of the confirmatory points for the Nakau -Siwalik unconformity in the Simla 
region, the source of these boulders being there evident ; whereas for the conglomerates on the 
Tawi there is no apparent source ; every trace, so far as is known, of the tertiary rocks hav- 
ing been removed from the region to the north. The fact is, however, absolute as to their 
ondb having extended in that direction, and as to their disturbance and denudation before the 
deposition of this conglomerate, certainly suggesting possible unconformity here, and in 
favour of the conjecture, that these beds at tho inner txfrder of the tertiary area, and well in 
among the high ranges, may represent the Siwalik conglomerates. 9 

One of the most interesting observations we made this season was tho demarcation of a 
great inlier of old limestone within the tertiary area. The extreme north-west end of this 
feature at Dandli close to the Punch river was noticed in my Memoir of 1862 (loc. cit., 
p. 89), and I have now to apologise for having given a mistaken reading of it, which has led 
to some confusion. I was sent up there in 1859 to report on an outcrop of coal at Dandli. 
I had only one day on the ground ; and, fresh from tho Simla region, I was too hasty in 
applying its features to this remote section. I at once recognised tho Subathu group at 
Dandli, crushed up at the south base of a great ridge of old limestone. Throughout the 
Simla region there is no carbonaceous band in the Subathu group ; but, owing to deop uncon- 
formity and crushing, this group is very frequently brought into contact with infra-Krol 
carbonaceous shales. The superficial similarity of these sections, in parallel geographical 
positious, led me astray. The coal of Dandli belongs to the nummulitic formation ; and the 
limestone is not presumably Krol. * 

The first appearance of this inlier is eighty miles to south-east from Dandli, some seven 
miles north-west of Udampur. It is not continuous throughout this distance, as there is no 
sign of it in the valley of the Bari-Tdwi between Naoshera and Rajaori ; but all the outcrops 
occur along the same line of flexure and upheaval. It is noteworthy that this line is on the 
general extension of the middle tertiary break of the Sinja region, the outer boundary of the 
Sirmdr zone. The principal mass of limestone is at the south-east end, where for a length of 
thirty miles it forms a lofty picturesque ridge, through the very centre of which the Chenab 
has cut a precipitous gorge, just north of Riassi. 

The structure of this feature throughout conforms to that which is so dominant over 
the whole South Himalayan region, a normal anticlinal flexure, broken and faulted on its 
steep outer face. Besides this familiar transverse structure, the clearly defined outcrop of 
these groups betrays a regular longitudinal waving of the stratification. The interrupted 
outcrop with intervening younger rocks suggests this ; and the detail shows it more clearly. 
At each end of tjmse ridges the beds curve continuously round the point of the anticlinal as 
it becomes depressed. The river courses seem to have little fixed relation to this feature, the 
two Taw is cross on lines of depression ; the Chenab cuts through the middle of the Riassi 
ridge; the Punch cuts the point of fjbe Dandli ridge; and several minor streams seem 
specially to affect clefts or chasms across these steep ribs of hard limestone. 
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The relation of the Sub&thu group to these limestone masses is most uniform ; not only 
is there complete parallelism of stratification, but the beds in contact seem to be the same 
throughout. This is most markedly the case in the nummulitic group, the bottom bed every- 
where being the peculiar pisolitic clay, identical with that I described as a bottom bed of the 
group at Subathu (loc. cit., p. 78), and also identical with that in the same position on Mount 
Tilla at ,the east end of the Salt Range. It is normally a ferruginous layer, but the 
removal of the iron often leaves it nearly pure white. The coaly band with some shaly clays 
immediately overlies it ; to which succeeds the limestone. Immediately under the Subathu 
bottom bed there is very commonly found a sort of silicious breccia. The perfect angu- 
larity of all the fragments forbids the idea of their having undergone any transport, as would 
primd facie be suggested by the occurrence of such a band over a very large area, and often 
when the bedding has undergone no contortion. In this rock iron-ore has been extensively 
mined at many places, especially on the Sangar-Marg ridge. I believe the rock to be a 
shattered condition of a sandstone band that often occurs at the top of the great limestone 
series. The ore is a cellular limonite occurring in nests and strings through the breccia ; it is 
probably derived by decomposition and infiltration from the coaly band of the Subathu 
group. f 

The great limestone itself is a dense cryptocry stalli no rock, in this respect contrasting 
strongly with the compact and often ffarthy nummulitic limestone close above it. It is often 
thin-bedded, locally cherty 4 and occasionally has intercalated bands of silicious slates and 
flags. The aggregate thickness of, the formation must be great. We could nowhere find any 
trace of fossils in it, and I could see no special points of resemblance in it to the Krol group 
of the outer Himalaya east of the Satlej. On the more gentle northern slope of the range the 
Sub&thu group stretches high up along every spur ; and the pisolitic bottom bed with its 
attendant quartz breccia occur^on the highest summits. It will be seen how this relation of 
the nummulitic zone here to the underlying formations agrees with that in the trans-Jhelam 
country, and contrasts with its total unconformity in the Himalayan region east of the 
Satlej. 

At Kotli on the P finch we have the feature representing the middle tertiary break of 
the Simla region, being the outer boundary of the inner tertiary belt. It is here a double 
folded-flexure, with inversion between the axes, and faulting along the inner (anticlinal) axis. 
On the strike to the north-west towards the Jhelarn the compressed flexure expands, the 
faulting dies out gradually, and upper beds stretch across the anticlinal axis. We were not 
able to follow this line up to the Jhelam, but these changes in it are the same as occur in all 
these features as they approach the Jhelam ; the faulting which is so common along the main 
flexures in the Sub-Himalayan region dies out ; and in many cases the flexures themselves 
cease and are taken up, on the new strike west of the Jhelam, by representative, not con- 
tinuous, features. The two main i*prth-west south-east anticlinal flexures outside the Kotli 
dfin seem to bend continuously into the north-east south-west anticlinals on either side of 
Mount Nar, west of the Jhelam. I had not time to follow them so far ; but I got a very 
near view from the summits east of the river. The synclinal of the Sensar dun, between 
those anticlinal ridges, certainly rises with a steep southeast dip in the ridges flanking Mount 
Nar on the south-east and well seen at the Owen ferry. 

The less defined flexures of the lower Jamu hills are also traceable into connection with the 
trans-Jhelam lines. The anticlinal crossing the Punch to north-west at Suru bends round 
and runs into a branch of the Bakrala north-east flexure below Dangli ferry on the Jhelam. 
TpjkJ'.JMdn representative of the Bakrala anticlinal continues on to Salgraon, where it merges 
Jet# several minor transverse corrugations. Similarly, the brood north-north-east anticlinal of 
»ud Godari sinks into the synclinal area of Chaomuk ; and further south, the Rhotas 
north-north-east anticlinal spreads and sinks into the ^ynclinal outside the last branch of the 
Himalayan flexures, north-east of Bhimbar, On the whole, the transverse line of the Jhelam 
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would seem to be one of comparative depression ; although, of course, the deepest section visible, 
tbe lower zones of rook are not so exposed along it as on parallel sections to the south-east. 
The river itself observes no rule in its windings amongst the points of these opposing 
flexures. 

I could detect nothing definite in these mutually accommodating structural features to 
prove that either system is younger or older than the other. They fit into each other lh a way 
that could only be effected by a simultaneous growth. The continuity of strike observable in 
each* could not obtain if the strata had previously been affected by undulations of the other. 
Of the two, however, the strikes are much more steady in the north-west south-east system; 
a fact which may, perhaps, suggest that they had somewhat the start in their alignment. The 
great Bakr&la flexure is almost serpentine in its windings. The form also of the north-east 
south-west flexures is less regular ; and in its variation betrays the dominance of the Hima- 
layan thrust : while to the south-west, the steep side of these flexures is almost unifonnly on 
tbe south-east; to the north-east the steeper side is to the north-west, It is so in the Lehri 
anticlinal, and in the Bakrala flexure north of the Kasi. 

In following the tertiary zones south-westwards from the Himalayan border to the Salt 
Ratige, some important changes are very marked. As is usual in the proximity of all the great 
Himalayan rivers, the Siwalik conglomerates attain an enormous special development near 
the Jhelam. They are finely exposed in the hills west of Salgraon, where It is well se$n how 
this character is due partly to encroachment upon the lower zone t When not in force, the 
conglomerates are confined to the topmost earthy-brown portion of the series ; this band 
is largely represented here ; *but below it the grey sandstone is strongly conglomeratic for a 
thickness of several hundred feet. These coarse deposits* decrease greatly to the south, and 
become confined to tbe topmost beds, as described by Mr. Wynne in the Kharian or Fabbi 

hills, south-east of Jhelam (Rec. Geol. Surv., Ind., Vol. VIIIj p. 48). 

• 

The main fossiliferous zone of the Siwaliks continues in great force to the south. The 
uncertainty of our measurements of them does not admit as yet of any close comparison in 
this respect. Mr. Theobald has again during this season made a good collection from these 
beds, principally in the area immediately north of the Salt Range, between the Tilla and 
Bakrala ridges. Mr. Lydekher, when he returns from the field, will no doubt give a good 
account of them. 

In the lower zone wo again find a very marked contraR^fmm north to south along the 
Jhelam, between the Sub-Himalayan region and the Salt. Range. We have seen all along 
the former ground that the Subathu-Dagshai boundary is the most unsettled of any in the 
Sub-Himalayan tertiary series ; stray thin layers of nnmmulitic limestone being locally 
found high up in the purple clays transitionally overlying the distinctive Subatbu zone. In 
the Salt Range, on the contrary, this is the most marked boundary of any ; thick, softish 
sandstones and clays rest abruptly on the clear nummulitic limestone. The commonest junc- 
tion-layer being a conglomerate made up of water-worn pebbles of the limestone and its 
flints, I described the contact in my Memoir of 1862 (p. 91), as one of denudation. Ido not 
think the term a misleading one for such a junction, although Mr. Wynne very properly 
insists upon the constant paralle^m of the stratification in the two groups, and upon his 
failure to find even a single case of actual erosion in the lower group filled in by the npper one. 
It is quite evident, however, that a very considerable break in the tertiary series occurs at 
this horizon in tlie Salt Range, amounting, I should think, to several hundred feet of the 
Subathu and immediately supra-Subathu zones of the Himalayan sections. 

An important formation not yet mentioned came largely under our notice in the Sub- 
Himalayan hills — high-level river-shingle capping the ridges and spurn of upturned tertiary 
strata and packed against their flank at fully 4d) to 600 feet ovir the actual river courses, 
which must have been ^roded to at le^t that depth since the period of these deposits. There 
is evidence also to show that to some extent at least this was a re-excavation of the channels out 
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of these deposits, i, e. t that the existing rock-gorges had been to a great extent cut out before 
their accumulation, then filled by them, and subsequently cleared out again. Bubhdr stands 
on a great bank of these beds packed against a ridge of vertical Siwalik conglomerates ; and 
the bottom beds are seen to pass continuously for some way' up the gorge of the Satlejj, while 
the top beds of the same set are found capping the inner ridge of grey sandstone above Naili. 
They are unquestionably of very ancient post-tertiary date. 

The distribution of this formation in the hills is generally limited to a greater or less 
distance from the great river courses ; a fact which seems simply a question of levels the 
fiat watershed of the duns being commonly 500 to 600 feet over tho main drainage level. 

The supposed glacial deposits of tho Kangra valley would belong to this old diluvial 
period. I must mention that though wc were unable to account for the distribution of the 
great erratics otherwise than by glacial action, Mr. Leydekher and myself were unable to find 
the moraines so graphically described by Mr. Theobald (Vol. VII, p. 86). The features jso 
named are, I believe, only ridges of erosion out of a deposit that must once have filled the 
whole valley, remnants of it being found on the outer ridge high nver Kangra fort. 

The same deposits are largely displayed about the Jhelam, capping the Rhotas ridge 
on both sides of the Kahan ; and on tie Potwar, filling the valley of the Sohan, and 
covering the country for some distant from the Bakrala and Tilla ridges with large blocks 
of stone, for the transport^ of which it is difficult to account. Mr. Theobald strongly 
advocates their glacial origin, * finding what he considers evidence of an ice-stream from the 
south-east flank of Tilla, past the villages of Huniila and Hud, to within about 1,000 feet 
of the sea level. 

As the principal object of # our season's work, it is necessary to say something of the 
correlation of these tertiary groups, especially since, in the absence t of direct information, 
conjectural affiliations have been published by the Survey — by Mr. Wynne in his Memoir 
on the Kohat Salt Region (Mem., Vol. XI, 1875), and by Mr. Blanford in his paper on the 
Geology of Sind (Rec. Vol IX, 1876). The former finds representatives of all the lowor 
tertiary zones in the Kohat and Salt Range sections, and almost excludes the Siwaliks (see 
table, p. 24) ; while the latter runs the Siwaliks and N&hans together as equivalent to his 
Manchar (pliocene) group (p. 21). It is but right to explain that these opposite mistakes are 
largely due to some unpublished work of Mr. Theobald’s in 1873-74, who, startiug from the 
Satlej, somewhat arbitrarily restricted the Siwalik group to the outermost range of hills, and 
mapped all the rest as Nahans, up to the trans-Jhelam country, although finding in them 
fossils of the Fauna Sivalensis, the object set before him being to work out the presumed 
distinction of the Nahan and Siwalik faunas. Mr. Wynne accepted his stratigraphical 
identifications, and Mr. Blanford on his side was equally right in insisting that there was 
a very close affinity between the fosses said to be from the two distinct horizons. 

Whatever value may be ultimately assigned to the unconformity which originally sug- 
gested the separation of the Nahan group in theCis-Satlej region, the distinction of the zone 
as a comparatively barren formation at the base of the great mammaliferous Siwalik depo- 
sits will hold good, even if the fossils, whenever disco#red, should make it desirable to 
designate the group as lower Siwalik. It has now been traced with fair certainty into 
the trans-Jhelam country, where it is represented by several hundred feet of sandstones and 
days immediately overlying the nummulitic limestone on the east end of the Salt Range. 
It may not, unlikely be the equivalent of Mr. Blan ford’s Gfij (miocene) marine group 
in Sind. 

seems very doubtful Whether it will be practicable or desirable to separate this band 
from possible representatives of the upper Sirmfir strata, in the vastly greater thickness 
of purple sandstones and days transitionally overlying the Subathu group in the Himalayan 
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region proper, to the north of the Salt itange. We may be well satisfied if we can make 
oat there an assignable boundary for the top of the Sub&thu group. This remains to 
be done. 

A word is necessary on the Sub&thu group itself : at Subathu* where it was first brought 
to notice through the collections of Major Vicary, described by D’Archiao and Haime, and 
all along the Himalaya up to Mari, the formation is principally made up of browft, olive, 
and red clays, with subordinate earthy limestone ; the base of the group being very Bharply 
•defined throughout by very characteristic beds resting upon much older rocks. In my 
Memoir of 1862, owing to the mistake already noticed regarding the coal of Dandli, and 
other causes, such as the specific difference of the fossils as noted in D’Archiac and Haime 's 
work, I remarked upon the want of agreement between the Sub&thu group and the nummulitie 
band of the Salt Bange. Prom the continuous observations of this season I was greatly 
struck by the remarkable correspondence between the thin nummulitip band at the east end of 
the Salt Bange and the very base of the .Subathu group. The point is important with reference 
to the great change that takes place in the formation to the westward, both in the northern 
and southern region — the immense and rapid increase of limestone. Prom Mr. Wynne’s de- 
scription of the Mari ground, it would appear as if the “ Subathu group ” overlay his “ Hill 
nummulitie limestone;” but I am disposed to think, apd information sent me by Mr. Lydekher 
strengthens the notion, that this great limestone takes the place of thp upper Subathu 
deposits. The coaly band, common to both regions, continues at the base of the formation 
all through the Salt Bange and beyond it to the west. Thus it* appears possible that the 
Subathu group of the Himalayan region may contain representatives of Mr. Blanford’s 
Nari and Kirthar groups, and even of his Banikot beds, in Sind. 

Our observations of this season have strongly brought before us the necessity of indicat- 
ing an upper division in the Siwalik group of my Memoir of 1862, to represent the great 
conglomeratic zone an<f its equivalents at the top of the formation. We found repeated 
confirmation of my remark that the distribution of these Siwalik conglomerates is coincident 
with the proximity of the Great Himalayan rivers, they being generally represented 
elsewhere by brown days undistinguishable from recent alluvium, or, if conglomeratic 
in. this position, the pebbles are of local debris, not the hard torrent-shingle of the great 
conglomerates. There is no better example of this than at the Satlej, where there are 
some 4, OCX) feet of deposits highly conglomeratic throughout and very coarse in the upper 
portion. All are vertical, the strike being most easily foflowed continuously ; and thus, 
within seven miles of the Satlej, in the parallel section above Basdli (Madanpur), we find only 
about 500 feet of conglomerate in the middle of over 3,000 feet of brown sandy clays. It 
was in these beds that Mr. Theobald found remains of Bubalus and Camelus ; and Mr. 
Lydekher insists upon their separation from the main Siwalik deposits on palaeontological 
grounds, suggesting that they may be the same as tha Narbada fossil-beds. Upon this 
question of identification I think further consideration is needed. If the old alluvium of the 
Gangetic plains, which Falconer identified with the Narbada bone beds, are the equivalents of 
these vertical upper Siwalik strata, where in the plains are we to look for the representatives 
of the very ancient high-level terrace ^deposits already described along the base of the Hima- 
laya as post-tertiatyP I am inclined to think that these may rather be grouped with the 
old valley-gravels of the Peninsula. The gap between them and the top Siwaliks must be 
very great. * • 

(An outline-map for this paper will be given in a later number). 
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of Bengal. Meteorological Abstract 'for 1874, (1875), flsc., 
Calcutta. # 

Meteobological Reporteb. 

„ „ Report on the Midnapore and Burdwan Cyclone of the 15th 

and 16th October 1874, (1876), flsc., Calcutta. 

# Ditto. 

• 

British BurmJ. — Report on the administration of British Burma during 1874-1875, (1876), 
8vo., Rangoon. 

* Chief Commissioner, British Burma. 

India. — Selections from the Records of the Government of India, Foreign Department, 
No. 122. Report on the political administration of the Rajpoo- 
tana States for 1874-75, (1875), 8vo., Calcutta. 

# Government of India. 

„ Selections from the Records of the Government of India, Foreign Department, 
No. 123. Report on the political administration of the territories 
within the Central India Agency for 1874-75, (1875), 8vo., 
Calcutta. 

• Ditto. 

„ List of Civil Officers holding gazetted appointments under the Government of 
India in the Home, Legislative, and Foreign Departments on 
1st January 1876, (1876), 8vo., Calcutta. 

Ditto. 

N.-W. Provinces. Atkinson, Edwin, T. — Statistical, descriptive, and historical account 
of the Norfh-Westem Provinces of India, Vol. Ill, Meerut 
Division, Part II, (1876), 8vo., Allahabad. 

Government, N.-W. Provinces. 

Punjab.— Report on the administration of the Punjab and its dependencies for 1874-75, 

(1875), 8vo., Lahore. 
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Punjab. — Selections from the Records of the Government of the Punjab and its depen- 
dencies, New Series, Nos. XII — XIII, (1876), 8vo., Lahore. 

Punjab Govebnment. 


• TRANSACTIONS, PROCEEDINGS, Ac., OF SOCIETIES. 

Am steed am. — J aarboek van het Mijnwezen in Nederlandsoh Oost. -Indie, Jahrg. IV, 
Deel 1, 1875, 8vo., Amsterdam. 

Royal Society of Batavia. 

Beblin.— Monatsbericht der Konig. Preuss. Akad. der Wissenschaften zu Berlin, July — 
Aug., Nov., (1875— 1876), 8vo., Berlin. 

The Academy. 

„ Zeitschrift der Deutschen Geologischen Gesellschaft, Band XXYII, heft 2, 
. (1875), 8vo., Berlin. 

The Society. 

t 

Bombay. — Journal of the Bombay Branch of the Royal Asiatic Society, Yol. XI, No. 31, 
* (1875), £fro,, Bombay. 

# The Society. 

Breslau— Fest — Gruss der Schl^sischen Gesellschaft fiir Yaterlandische Cultur, (1874), 
8vo., Breslau. 

The Silesian Society. 

„ Zwei und funfzigato Jahres-Bericht der Schlesischen Gesellschaft fiir Yater- 


landische Cultur, (1875), 8vo., Breslau. 


Ditto. 


Calcutta.— Journal of the Asiatic Society of Bengal, New Series, Yol. XLIII, pt. II, extra 
No., Vol. XLIV, pt. II, No. 3, and XLV, pt. I, No. 4, (1875), 
8vo., Calcutta. 

The Society. 

„ Proceedings of thp Asiatic Society of Bengal, No. X, Dec. 1875, and Nos. 1 
& 2, (1876), 8vo., Calcutta. 

Ditto. 

Dresden. — Sitzungs — Berichte der naturwissenschaftlichen Gesellschaft Isis in Dresden, 
Jahrg. 1875, Jany.— June, (1875), 8vo., Dresden. 

, The Society. 

Dublin.— Journal of the Royal Geological Society of Ireland, New Series, Vol. IV, pt. 2, 
(1875), 8vo., Dublin. 

The Society. 

Edinbubgh. — Transactions of the Royal Scottish Society of Arts, Vol. VIII, pt. 6, and * 
IX, pts. 1 A 2, (1873—1874), 8vo., Edinburgh* 

The Society. 

GENEVA.^Mdmoires de la Socidtd de Physique de Genhve, Vol. XXIV, pt. 1, (1874—1875), 
4to., Geneva. The Society. 

Liverpool.— P roceedings of the Literary and Philosophical Society of Liverpool, No. 29, 
i/ (1875), 8vo.,- London. 

-tf 1 * f The Society. 
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Liverpool. — Proceedings of the Liverpool Geological Society, Vol. Ill, pt. 1, (1875), 8vo., 
Liverpool. 

The Society. 

London.— Philosophical Transactions of the Royal Society of London, Yol. 164, pts. 1 & 2, 
and Yol. 165, pt. 1, with List of Fellows for 1874, (1874*-1875), 
4to., London. * 

• The Society. . 

„ Quarterly Journal of the Geological Society of London, Yol. XXXI, pt. 4, 
No. 124, with List of Fellows for 1875, (1875), 8vo., London. 

# The Society- 

"ManchesIbb.— Transactions of the Manchester Geological Society, Vol. XIV, 1, (1876), 
8vo., Manchester. 

The Society. 

» 

Melbourne. — Reports of the Mining Surveyors and Registrars for quarter ending 30th 
9 June 1875, (1875), flsc., # Melbourne. 

• Govt.’ Mining Dept. 

* * 

Minneapolis. — Geological and Natural History Survey of Mipnesota. Peat for domestic 
fuel, (1874), 8vo., Minneapolis* 

Geological Survey of Minnesota. 

„ Winchell, N. H. — Geological Survey of Ohio. Reports on the countries of 

, Sandusky, Seneca, Wyandot, and Marion, (1875), 8vo., Min- 

# neapolis. 

* Ditto. 

„ Winchell, N. H.— The Economical Geology of the region of Cheboygan 

and Old Mackinac, (1875), 8vo., Minneapolis. 

Ditto. 

Moscow.— Bulletin de la Society Imperials des Naturalistes de Moscow, Vol. XLIX, No. 1, 
(1875), 8vo., Moscow. j 

The Society. 

Neuchatel. — Bulletin de la Soci6t6 des Sciences Naturelles de Neuchatel, Vol. X, pt. 2, 
(1875), 8vd., Neuchatel. 

The Society. 

Paris.— Bulletin de la Soci5td Geologique de Franoe, 3rd* Series, Vol. Ill, No. 7, (1875), 8vo., 
Paris. 

The Society. 

Philadelphia.— Journal of the Franklin Institute, 3rd Series, Vol. LXX, No. 6, and 
LXXI, Nos. 1, 2, (1875— 1876), 8vo., Philadelphia. 

„ * The Institute. 

Plymouth.— Report and transactions of the Devonshire Association, Vol. VII, (1876), 8ro,., 
Plymouth. 

The Association. 

Bohb.— Bollettino B. Comitato Geologico d’ Italia, Nos. 11 & 12, (1876), 8vo., Borne. 

» The Geological Commission. 
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Saint Paul. — Geological and Natural History Survey of Minnesota. Annual Report for 
1873, (1874), Svo., Saint Paul. 

Geological Subvet of Minnesota. 

„ v Winchbll, N. H. — Notes on the drift soils of Minnesota, (1873), 8vo., Saint 
1 Paul. 

* Ditto. 

„ Winchell, N. H. — Report concerning the salt spring lands due td the^ 1 

State of Minnesota, (1874), 8vo., Saint Paul. 

Ditto. 

„ Statistics of Minnesota for 1874, (1876), 8vo., Saint Paul m 

W , Ditto. 

Tobonto. — The Canadian Journal of Science, Literature and History, New Series, 
Yol. XIY, No. 6 (1875), 8vo., Toronto. 

The Canadian Institute. 

Tubin. — Atti della R. Accademia delle^Scienze di Torino, Vol. X, Nos. 1—8, (1874 — 18?/5), 

„ 8vo., Turn. 

The Academy. 

« 

„ Bollcttino Meteorologico * 3 d Astronomico del Regio osservatorio. Anno VIII, (1875), 
4to., Turin. 

Ditto. 

Yokohama.— Mittheilungen der Deutschen Gesellschaft fur Natur und Volkerkunde Osta- 
sieiis, heft VIII, (1875), 4to., Yokohama. 
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I^DTE ON THE PROGRESS OF THE GOLD INDUSTRY IN WYNAD, IfflLGIRI DISTRICT, 
Madras Presidency, by W. King, b.a!, tyerpuby Superintendent , Geobgical 
Survey of India . 

The official boundaries of Wyndd baying of late been altered by the annexa- 
tion of its south-eastern frontier, or the country around Dayvallah, to the Com- 
missionership of the Nilgiris, it becomes necessary, * as in the heading of this 
pbper, to refer to the present area of the gold industry as being in the Nilgiri 
district, instead of as hitherto in that of Malabar. * 

It is now nearly three years since my first notice 1 was written on the gold- 
fields of WynAd, at which time a commencement was about to be made by the 
pioneer Alpha Gold Company in working them. Since then two other Com- 
panies, the * Wynad Prospecting ’ and the ‘ Prince of Wales’ Tribute,’ have made 
essays with the same intention ; but none of these have, until veiy lately, suc- 
ceeded in obtaining from the quartz an average percentage of gold at all equalling 
that of my preliminary crushings, namely, 7 dwts. to*the ton. It is only within 
the last few months that some stone from ‘Wrights’ level’ in the Alpha works 
has yielded from 11 to 17 pennyweights. 

The returns obtained were all so much below the amount expected, that I was, 
at various times, applied to by those interested in the successful working of these 
Companies for any suggestions as to improved nfenipulation, or better mining ; 
and in July last I made a hurried inspection of the works and the machinery. 

In all cases, the mining had only been carried on near the surface ; and in 
most instances disappointing results had driven the Managers and working Direc- 
tors from one point to another of the reefs, as more or less promising stone seemed 
to present itself to the search. The Alpha Company was at a standstill through 
exhaustion of funds and breaking down of machinery ; the WynAd Prospecting 
Company had nearly run through its capital, but hoped to.be able to hold on by 
obtaining gold sufficient to pay working expenses ; and the Prince of Wales’ Com- 
pany, which, has no machinery of its own, had leased that of the Alpha Company, 

1 BSeords Qeol^ Surv. of India, Vol. VIII, Part 2. 


A 


836 « , * 'Records of the Geological Survey of India. [ vol . xi . 

, i * i 

and was collecting stone in readiness for crushing as soon as this machinery should 
be again in order. 

Through the kindness of the Managing Directors, I have been supplied with 
the tables and statistics given in this paper ; and these will show what the results 
hive been up to date. They do not, however, show how and whence the stone 
was obtained, or the style of machinery used ; I therefore enter into some detail 
in this paper regarding these two points. 

The main results of the gold workings up to date arc, as nearly as can* be 
made out— for no correct returns were kept at first — that the gross amount of 
gold obtained by the three Companies up to the 14th of March 1878 is 271 oz. 
9 dwts. 14 grains : the average yield of gold per ton of quartz on all this amount 
has been 4*5 dwts. ; and this gold has been sold at prices varying from As. 40 to 
R$. 45 tho ounco. This low average yield is calculated on the whole absoluto ton- 
nage of quartz extracted in Wyn&d; but it is only fair to give the following 
averages foi* each Company's working : — . v 

** 4 

Alpha Company ... t ... 769*5 tone gives 2*27 dwts. 

Wypad Prospecting Company ... 99*85 „ „ 3*02 „ 

Prince of Wales* Company ... 322 66 „ „ 10*5 „ 

4 

Regarding the 4 touch 9 of tho gold, I have only two quotations from tliQ Wyndd 
Prospecting Company, namely: — “It varies much in quality, running from 5 \ 
to 9 ; Mr. Orr values the worst at Rs 36 per ounce.” Mr. Orr, whose firm of 
jewellers in Madras lias purchased most of tho Wynad gold, writes me : — “ The 
gold is of good quality, better than sooga gold, 1 for which v\e have paid Rs. 45 
per ounce.” 

The country around Dayvallah is much broken up into low grassy hills and 
ridges, varying in height up to 300 feet, on the summits and crests of which tho 
quartz reefs generally occur, and tho valleys between these all lead into the 
great 2,000 feet deep Carcoor cherrum, or valley, of the Western Ghats, or into 
the smaller cherrums to the west of Dayvallah. The mines of the original 
workers, or tho Koramber* excavations, and even those of the latest European 
explorers, have all been run into the slcfpes of these small hills, or into tho sides 
of tho great cherrum ; but very few of these have been driven at the lowest levels, 
or from the beds of the streams between the hills. Indeed, I doubt whether any 
workings have been excavated below the levels of those streams, except perhaps 
in the sides of the Carcoor valley ; and there is no known instance of shafts hav- 
ing been sunk to tho depth of the permanently water-holding country-rock, below 
that zone of variable thickness into which atmospheric influences are supposed to, 
extend. 

It is not here intended, after the popular cry, to imply that mining onght to 
have been carried to any extraordinary depths, such as tho 7 or 800 feet levels <£ 
Australia, whore working was in most cases only rendered necessary by the lodes 
having been Worked out to these depths ; nor is it an ascertained rule that richness 

* Among native ftolcUumSs, there are ordinarily three qimlifcio* cf gold, of nhich “ sooga v 
» the medium 

4 


4 



Paut 3. ] ' King ; Progm* of th* Gold Industry m Wyndd* • *237 

of veins almost always increases with the depth ; hut it is almost certain* that 
displacement and non-continuity of reefs must be expected in so much*of the country- 
rock as is exposed to atmospheric influences, and those defects would of themselves 
be sufficient to prevent steady and successful mining being carried on to any* great 
extent at all neaT the surface. Local displacement can of course, as a general rule, 
only have taken place near the surface ; but as this surface in Wyn&d is a very 
uneven one, such breaks must be expected in most of the ridges and knolls of 
tho* Dayvallah country, and to a much greator oxtent on the great slopes of 
the Ghats. There is oven a easo in point in the Prince of Wales* Company’s claim, 
where, on the east side of the ridge north of the Alpha works, a tunnel was driven 
with the expectation of cutting the northern course of tho Skull reef on the 
prevalent eastward dip, but without success. It was thon conjectured, from an 
outcrop of quartz on tho south slope of this ridge, that the reef dipped quite in 
the opposite direction or westward, and a new tunnel was proposed.^ 1 Tho reef 
shows very well on the top of the ridge, lying at a very low anglo to tlie eastward, 
but it has a tendency to resume the higher t normal dip (25° to 30°) lower down 
tho slope. From all 1 could see, tho very low dip an tho summit of the hill appeared 
to bo duo to a sinking down of the reof on the weathered and denuded foot-wall, 
while the abnormal lie of tho outcrops of quartz on tho lower slopes is most likoly 
attributable to local displacement of tho country-rock, very largo and old slides 
of decomposed gneiss being not at all unfroquent in this part of the country. 

It has been found that the reefs continue to the deep so far as workings have 
been* carried out; but as these are of little depth, the country itself can only be 
looked to for evidence of any value on this point. Certainly many of tho reefs 
can, on tho upland, bo seen to run deepor than the Skull roof ; while outcrops are 
known to exist far down in the deep Ghat valleys, which to all appearance are 
the continuations of reefs on the upland ; and it seems hardly probable that reefs 
wliich are traceable* for miles in their strike can be so very limited in depth. 
There must, no doubt, be cases of thinning out, ahd it may be so in the caso 
in question to some extent; but the evidence is fgainst this, for some part 
of the reof (slipped or in situ ) has boon struck in the last attempt to reach 
it ; though, even if it had not been struck, there would have been no clear proof of 
its entire absence, considering that the tunnel has such a small section, and that 
reefs are often capricious within small ranges. But it is a most common expe- 
rience in this part of Wynid to And the reef outcrops much tumbled and slipped 
at various points among* the ridges in the upland ; and seeing that here, well up 
the sides of the hill in question, there arc large outcrops of quartz in untoward 

1 This was at tho timo of my visit in August last ; but it appears that no further attempt was 
thon made to strike the reef, all efforts having been directed to the raising of stone from another 
more accessible part of the Skull reef. In the last report of this Company it is staled that 
another endeavour was made at the Prince of Wales' reef so late as the 1st of January 1878; but 
that as the old workings had completely fallen in, it was necessary to begin a fresh tunnel, and 
that the reef was only struck ,ten days before their lease expired. The length of the tunnel is 
given as 132 feet from entrance and about 50 feet in depth from surface ; but there are no fuithei 
details as to direction or position. 
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pOntilonB, one showing a westerly dip, I am the mote inclined to view the case 
as one of displacement, m preference to one of sndden absence of the reef altoge- 
ther over any appreciable area. 

A farther source of disappointment in the present system of mining may also, 
X think, lie in a possible mechanical distribution of some of the gold irregularly 
throughout the reefs by the mere percolation of water in this zone of varied 
decompositions ; and that thus the gold may bo found not only more fitfully dis- 
tributed than is at times usual with the precious metal, but even to some extent 
washed out of the reef. Although there is no certain evidence that gold may be 
thus distributed through roefs, the possibility of such a mechanical process seems 
quite conceivable when the conditions of some of the reefs and their gold are 
considered in conjunction with the effects of such an exceptionally moist climate 
as that of Wyn&d, where the movement of water underground must be propor- 
tional to that on the surface. The quartz of many reefs, as far as is disclosed by 
the old excavations, and later by recent workings, particularly in tho Skull reef, 
is much fissured and very often minutely, and even in part continuously, cavernous, 
or, again, quite ^crumbling and rotten from having been so largely charged with 
sulphides, while the gold left is generally in a minute state of division; and 
throughout this style of vein-s*ono there is tolerably free percolation of water in 
quite sufficient force to carry off minute gold. In nearly all the old excavations 
which I examined, and some of these are at tho base of the Dayvallah ridges, 
water was dripping freely from the exposed surfaces of quartz. Nearly all the 
long outcrops of the reefs are really just catch-surfaces for water; while the reefs 
themselves and their clayey selvages must be, in many instances, only so many 
channels for the flow of water through the zone of decomposed rock. Among 
other modes of occurrence, tho gold is found in empty cavities, once also occupied 
in part by sulphides, which have left their impressions on the quartz ; pr it is 
intimately associated with sulphides in partially filled cavities ; or, again, it and the 
sulphides fill up such hollows? In the first and second cases, more or less sul- 
phides have been removed, more generally by solution, but still to Bomo extent 
mechanically ; most likely as fine ochre. The gold associated with these was 
then either left behind, as is often the case, or it might, if minute enough, have 
been carried along with the solutions, or subsequently, by the ever-recurring 
passage of water, to be caught again in favourable hollows, or collected in and 
against the clayey casing , 1 or gftmtated to the plane of constant saturation, or 
finally, carried out altogether by springs in the Gh£ts. a # 

With the possibility, then, of such a secondary distribution of part of the gold, 
and an extreme probability of encountering more or less disturbance of the reefs, 
in the ground within the reach of atmospheric influences, it becomes an import- 
ant question how far those influences may extend beneath the surface, or, in 

1 Tbs frequent richness of casing and wall-rock, though generally accounted for by chemical 
action may be id also due to this, as it were, secondary process of distribution ; for there is 

fibers as well as in the reins. 

V Jjfor some interesting iw&urks upon the possible remoral of gold by solution, see Raymond's 

‘ Statistics West of the Rocky Mountains (1871), p. 606. 
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other wcffcds* at what depth the plane of constant saturation may be supposed 
to lie. It may, a| all emits, be concluded from the old excavations in the 
country-rock, debris of which is still frequently found at their mouths, and 
from the lately driven tunnels, which were mostly in tough clay (decomposed 
felspathic gneiss), that varied decompositions penetrate throughout a great por- 
tion of the upland country to the level of lowest drainage, that is, occasionally for 
300 feet \ and on this it. is reasonably inferrible that weathering extends nearly as 
deep again in the neighbourhood of the main upland streams, and far inward 
horizontally on or near the edges of the Ghat slopes. , Thus, arguing from the 
depth to which these influences extend on the upland, I should be incliued to 
look for the plane of constant saturation at 200 feet below, and 600 feet inwards 
from, the level of the edges of the Gtats. Further inland, the vertical depth 
might be taken at 100 feet! 

. At the same time it is, fits has been shown by the late success of the Prince of 
Wales’ Company, always possible that rich finds may be met with, the theory of 
fitful secondary distribution even meeting this view within the zone of variable 
decompositions ; but these will be at the best bu£ of importance ip small adven- 
tures, such as those which have up to the present time been carried on in 
Wyn&d. 

The Alpha Company opened up a large quartz 4 boil,’ or massed assemblage 
of veins, called the Skull reef, not far from the site of their machinery, the stone 
having been collected partly from the surface, and partly from fresh excavations 
in the old mines of the Korumbers. An adit was run* without any careful con- 
sideration as to direction, into the west side of the hill, with the hope that the 
reef might be cut somewhere about the lowest level of the old Korumber 
workings ; but this was abandoned after a times This excavation showed, at any 
rate, that driving will not be a very expensive item in the gold industry, as the 
rock is very largely weathered into a soft, more or less felspathic, clay, with 
occasional masses of undecomposed rock ; but timbering is absolutely necessary 
to guard against the very frequent slipping of this fflay. Then, as there had 
always been a desire on the part of the Manager (Mr. Withers) to drive at the 
southern outcrop on the steep slope of the Ghat, a tunnel was run in for a short 
distance • at 4 Wrights’ level,* though still at a considerable height above the 
limit of j^rmanent saturation, and well within tho range of atmospheric influ- 
ences. It is, however, from the same Wrights’ lerel that the rich stone worked 
by the Prince of Wales’ Company was subsequently obtained. 

The want of success in the operations of the Alpha Company may be attri- 
buted* I think in great part, to the following causes. First, bad selection of 
stone. That there is very good stone in the reefs of the Alpha concession is 
proved by the later crushings of the Prince of Wales’ Company. Second, un- 
systematic ^working of the reef or reefs, as exemplified in the fitful manner of 
taking stone from open quarries at the surface and from the different drifts, accordr 
irig as fancy led the authorities. Certainly better returns than those obtained 
might have resulted from one steadily-pursued tunnel and side galleries ; while 
they could not have been worse tha n those got on the desultory plan of working- 
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Third, the proper* amount of stono was novor either mined or crushed in the 
time estimated for a paying result. The engino was overestimated in its power, 
and the 15 stamps wore never worked at once ; while the calculation was that, 
with 15 stamps, 15 tons of quartz could be crushed in the day’s work. As it is, 
according to the returns supplied to me by the Alpha Company, I tind that had 
their work been at the rate originally proposed, even under their small general 
average, the working of the mine would not havo been a failure. The cost of 
raising and crushing 769J- tons of quartz was Rs. 2,971-0-5 ; and taking? the 
value of their gold at Rs. 45 per oz., which is about what was paid for it, the 
amount realised on 91 oz. 12 dwts. 23 grains, or about Rs. 4,224-0-0, leaves a valuo 
of Rs. 1,252-11-0 for other expenses, besides raising and crushing. Tt is true 
that parts of eight months were occupied in this crushing, but the work ought all 
to have been done in two months and a half, reckoning 20 working days to the 
month ; and had tlio work been properly done, it is almost certain that iho cost of 
raising and crushing would not havo boon so high as it is sot down in llicir table, 
the average cost of raising and crushing the quartz being Rs. 3*86 per ton, a far 
too high rate for Wynad mining t 

The next adventure is that of the Wynad Prospecting Company, which has 
been carried on in a very small way with the intention of making preliminary 
trials as to the paying capabilities of the reefs. The works are situated on tho 
edge of the Carcoor cherrum, near the outfall of one of the minor streams of the 
Dayvallah country, so as to take advantage of the water-power, while the reofs 
worked are also close by. In the case of this undertaking also, tho mining has 
not boon systematic, nor has it boon carried to any depth in the hillside or down- 
ward. Of the reefs taken up by this Cofnpany, the Monarch was tried by a 
shaft and level drift run into the Eastern side of the hill through which the reef 
.runs, but was given up at 55 feet, as the lode was not struck, as had boon expected, 
if the dip of tho roof' had remained constant. Operations wore then confined 
to tho Hamlin, Boar, Koruxnber and Etacull reofs, where they crop out on the edge 
of the Dayvallah plateau, c or at tho top of tho northern slope of the Carcoor 
cherrum, and where there is an extraordinary number of old shafts and excava- 
tions of tho old gold-diggers. It was from among the leaders of these reefs, in 
the soft decomposed fclspathic gneiss, that lumps of quartz with visible gold 
associated with nests of limonite wore obtained. # 

The Prince of Wales’ Tribute Company was started on a very small scale, 
perhaps more with the idea of keeping the gold industry bofore the public. Tho 
mines, machinery, &c., of tho Alpha Company were taken on a tribute for a 
certain period, and operations wero commenced with stone from the old quarries 
of the Alpha works. A commencement was also made on tho northern extension 
of the Sknll reef in a high hill between the works and Dayvallah village, but the 
excavations wore stopped owing, as already stated, to tho reef not being struck 
qit the expected distance, though the search was afterwards resumed, and the reef 
found just before tho lease had expired. However, a persistent drive at Wrights’ 
fev^j resulted in a fixxf of rich stone, which continued to give good results, until 
4 last, when the operations were discontinued 
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The capital of the three Companies has thus been expended on what must' be 
considered .mere Beratchings' below grass, from which of course it «was always 
possible that local rich finds might have been secured; as it is, no rich shoot of 
gold was struck until very lately, or until the capital and patience of the pioneer 
explorers was to all appearance worn out. It is evident however, from the latest 
reports of the working of the Prince of, Wales’ Company, that a rich vein has at 
length been struck, which may in its continued development fulfil all the promise 
of this new gold field. 

At the Alpha works, there is a stamping apparatus of 15 stamps, arranged 
in throe batteries of the ordinary kind used in Australia, whence this one was also 
procured. The batteries are driven by a 15 (nominal) horse-power, locomobile, 
the fuel for which is obtainable in the forests close by. It is worthy of notice 
that this engine has never worked up to the power stated, various reasons. being 
given for this, as that it was a secondhand English engine sent from Australia, or 
thafrthe fuel was damp, both of which reasons are presumably fair. There is no 
doubt of the deterioration of fuel, there being no gheds for its storage, as should 
be the case in a climate like that of Wynad. However, I am firmly convinced 
that such a costly item as fuel, even in Wynad, should nfever be included in a 
scheme for working the gold when there is water-power sufficient for the purpose. 

From the batteries, the crushed material is .passed over copper 1 tables, 
mercury troughs, and blanket tables, after which the tailings are treated in a 
pulveriser. It was found, however, that complete extraction was not effected 
in the pulveriser, or, as it might more properly be called, amalgamating pulveriser, 
for much float-gold and gold associated with sulphides, which ought to have been 
taken up by the mercury, passed away with the slime. A reverberatory furnace 
was then constructed, in which the tailings were roasted and again pulverised, 
with somewhat better results ; though even after this a perceptible amount of gold 
could always be shown by , washing, and secured by hand-rubbing with sodium- 
amalgam. It was at the same time found, and experience in the othor workings 
has since verified this, that sodium-amalgam should bo used as much as possible, 
instead of simple mercury, in the extraction of Wyndd gold. In the pulveriser, 
the tailings are made to pass between the grinding wheels and the bevelled edge 
of the circular pan in which they revolve, while the mercury lies at the bottom 
of this edge, just below the grinding surfaces ; and 4hus the slime and sand are 
only ground finer, and then brought in contact with the mercury by agitation 
alone, which is not sufficient for amalgamation from these tailings, considering 
that they are so largely made up of sulphides and other ferruginous impurities ; 
while with this, the mercury is so liable to “ flour” and become granular, and thus 
incapable of taking up the minuter gold. Continued observation and experience 
show; that a process analogous to hand-rubbing in the washer’s dish is necessary 
for the saying of minute gold ; hence the pulveriser should have the property 
of grinding the slime in intimate contact with the mercury, as in the ordinary 

1 These tables were subsequently, as they should have been in the first instance, coated with 
sodium-amalgam. 
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4 arrostre/ or else a rubbing apparatus should succeed it in the process of 
extraction. 

At the time of my last visit, the Alpha works were at a standstill, several 
repairs being in course of operation, and the engine waiting for some fitting to 
the boiler. The Manager, however, passed several samples of ordinary burnt 
tailings through the hand-process which clearly showed gold, only part of which 
was, however, taken up by even the sodium-amalgam, and there was always colour 
of gold to tfie last of the rubbing. 

The works of the Wynad Prospectihg Company are planted a short distance 
down the slope of the C&rcoor cherrum, and a wire rope, some 400 feet long, is 
stretched from the entrance of the galleries to fhe works, along which the baskets 
of vein-stuff are shot to a kiln, where the stone is burnt prior to being the more 
easily broken up and tipped into the feed-box. The machinery consists of a 
Husband’s pneumatic stamper, driven by a turbine having a fall of about thirty 
feet of water, and capablo of crushing half a ton in eight hours, the working 
of these being remarkably easy and constant, requiring only such care as a vfell- 
trained nativq and Ms assistants can give. Prom the stamping box, the fine 
sandy slime passes over a series of two amalgamated copper tables, with a 
mercury trough at the end of .each, whence it flows by a spout to the top of the 
hollow vertical shaft of a grinding concentrator. The bottom of tMs shaft is 
screwed into a muller (continuously hollow with the shaft), or inverted truncated 
cone, revolving inside of a fixed pan, the lip of which is level with the upper 
edge of the muller. After passing down the shaft, the stuff is ground only in 
a very inefficient manner in the pan and then agitated, but not rubbed inti- 
mately with the mercury, wMch lies at the lowest level, or out of reach of the 
grinding surfaces. This defect might certainly be obviated to some extent by 
filling up the pan with a sufficient quantity of mercury ; but tMs was not found 
practicable at these works ; indeed, this apparatus was found to be of so little 
use either in grinding or concentration, that its employment was discontinued. 
To a certain extent, as itte name implies, this machine is a concentrator ; for the 
gold and the auriferous sulpMdes must, perforce, remain at the bottom of the 
pan longer than the rest of tho crushed material, which is carried away by the 
water ; and in this way freer scope is given for amalgamating, but effectual 
amalgamation, as far as Wynad gold is concerned, is not secured by such poor 
grinding and agitation. ■ 

There is here, in fact, very much the same defect as in the Alpha machinery ; 
in both cases there is & machine which was expected to grind and amalgamate, 
but the grinding is only we]) done in the Alpha pulveriser, while no effectual 
amalgamation takes place in either apparatus. From the pan the stuff passe? 
over a further copper table into a transverse trough, with a further and last 
rapply of mercury. A horizontal pipe, the under-surface of which is perforated, 
runs along near the bottom of this trough ; water is tamed on through the pipe 
with comsjiderablo foro^, Und by its rush among the materials at the bottom a 
violent agitation is caused, the lighter sand is driven off, and a partial concen- 
tration is effected in contact with the mercury. Beyond this, a further series 
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of sloping baddies and tided troughs intercept the sulphides, until the tailings 
finally fall into the catch-pit. Here, also, it was found necessary to construct 
a furnace for the roasting of the tailings, which were again passed through the 
whole process, commencing with the stamping box ; the results were not satisfac- 
tory, though the tailings clearly showed an appreciable quantity of gold, much 
of which, however, could not be saved by tbc apparatus provided. Ai i usual, 
hand-grinding and amalgamation gave the best returns ; and thus it is ovident 
that* a rubbing machine 1 is required, in addition to a pulveriser. Two assays 
of hand-ground tailings from the reverberatory furnace were very satisfactory, 
giving averages of 11*66 dwts. and 6*12 dwts. to the ton. Such roasted tailings 
as I saw at these works were all so stony and slaggy, that they appeared to havo 
been rather smelted than roasted, and were quite as hard as the original vein-stone. 
Authority on this point appears always to indicate a bright red heat as the limit 
of roasting, and that the roasted material can be broken up without such force 
being required as that of the stamper ; though of course it should b*e submitted 
to Tbhis, in order to reduce it sufficiently for the pulveriser. It is also advised 2 
that the tailings should be freely exposed to the action of the atmosphere for some 
months in thin layers, and not piled up in pits, as is the case in tho Wyn&d ttarks • 

The Prince of Wales* Company, as already seated, made use of the Alpha 
mill ; but fortunately the stone raised was rich enough to dispenso with extra- 
ordinary care in the concentration and amalgamation, which hardly could havo 
been arranged in the time allowed during tho lease, or with the small capital 
at their disposal. Under this administration it waS found that the working- 
power of the driving engine was only sufficient for tho crushing of seven tons 
per diem, or about half the rate originally calculated on. 

The following tables are from tho published returns of the Companies, or 
from returns which have beon suppliod to me by the Managing Directors ; and, 
from my personal knowledge of all the gontlemon concerned, I believe that they 
havo furnished these returns with a firm determinrition to let the true talc of 
their efforts be known. Until lately, aH these efforts have been unattended with 
the success they deserved, and no gain has been made, except by the latest adven- 
ture, which has had the enormous advantage of working with machinery ready 
at hand. So far, the work of the latter Company has been crowned with what 
may bo called a success ; for, in November last, 50 .tons gavo an average of over 
11, while, in December, 50 tons gave an average of 17 pennyweights, thus showing 
a decided tendency in the quartz to come up to my average, if not to exceed it. 

In the beginning of this paper, the average percentage of gold is given for 
all the quartz crushed, which is really the truest test of the capabilities of 
a gold-field; otherwise, between isolated and short operations of particular 
adventures, where can a line be drawn from which an average shonld be reck- 
oned P But this generalisation for a vphole field is obviously unfair to an 

1 Such a machine is described in the last edition of Raymond’s Mining Statistics West of the 
Rocky Mountains. 

a Quartz Operator’s Hand-book, Randall, New York, 1871. 
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adventure which has given averages, for large quantities of stone, exceeding 
those 'attained in the earlier trials. I would therefore here record a few data 
regarding the operations of each of the Companies, collated from their tables 
so that the good points in each may be calmly weighed against the general 
average referred to. 

The Alpha Company crushed, in about eight months, only 769*5 tons of quartz 
at a cost of Be* 2,971*6-0 for raising and crushing, and obtained 91 oz. 12 dwts. 
12 grains of gold, giving an average of 2*27 dwts. This work, according to the 
original estimate of 15 tons per diem, ought to have been done in two months 
and a half, reckoning 20 working days in the month. 

The Prospecting Company crushed 99*85 tons, cost not given, in about 
eight months, and obtained 14 oz. 19 dwts. 19 grains, or an average of 3 dwts. At 
half a ton a day, the working-power of their stamper, this is a fair rate of work. 

The Prince of Wales’ Company crushed 322*66 tons in a little over six 
months, cost not stated, and obtained 164 oz. 17 dwts. 6 grains of gold, or an 
average of 10*5 dwts. Such work # ought to have been done in a little more ttan 
a month with the Alpha machinery at the originally estimated rate. 

Tfie average cost of raising and crushing one ton of quartz by the Alpha 
Company was Bs. 2 and Esc 1 85 respectively. Under the Prince of Wales’ 
Company, the charge for mining was Bs. 415, and supposably the same rate 
for crushing as with the Alpha. In both cases, these rates are far too high. No 
returns have been supplied as to these charges with the Prospecting Company ; 
but, from the experimental way in which the trials wero ma$e, the cost of raising 
was probably higher than in either of the other adventures, while that of crush- 
ing must hove been proportionally low, considering that water is the motive- 
power employed. 

In all cases, time has been the most expensive item ; the charges for super- 
intendence, pay of engine-drivers, permanent hands, and live-stock are far 
beyond any estimate which might have been proposed. For instance, in the 
account of expenditure of one Company, the charges for thoso amount to 
Bs. 3,942-12-10 in nine months, when the whole transaction, if properly organised 
and systematically carried on, even allowing for the delay consequent on putting 
the machinery in order, should have occupied, at the most, only half this time. 

. « TABLE L 

Memo, of eight month? crushing , Alpha Gold Company Limited , 



1675* Tons, oz.dwts.grs oz.dwtsgrs 

September v , 99 8 12 0 0 1 17 

October ... 40 8 0 0 0 4 0 

November ... j g69 u 6 12 0 1 19 


Cost of 

jrushlDp 

Total. 

Bs. 

A. 

p. 

Bb. 

A. 

p. 

126 

i 

6 

298 

i 

6 

170 

15 

6 

347 

9 

0 

314 

3 

6 

606 

i 

6 
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TABLE I,- — continued. 


Memo, of eight months* crushing ^Alpha Gold Company Limited — continued. 


Month. 

Quartz 

crashed. 

Total yield. 

Average yield. 

Cost of raising. 

« 

Cost of crashing. 

TO£Atu 

1876 

Tons. 

oz.Jwts.grs. 

oz.dwts.grs. 

Es. A. P. 

Es. A. P. 

Es. A. P. 

January 


22 14 0 

*0 214 

293 4 6 

269 0 6 

662 5 0 

February 

HI 

17 12 10 

0 2 1 

328 8 0 

368 3 0 

696 11 0 

March 

WEM 

3 19 15 

0 4 0 

182 6 0 

11C 3 0 

298 8 0 

November* 

64 

6 9 10 

0 19 22 

97 2 0 

66 0 0 

162 2 0 

Total ... 

769J 

91 12 23 

0 2 9 



2,971 6 0 

• 


* Crashed at the works of the Projecting Company. 

TABLE II. 


Memo, of crushings, Wyndd Prospecting* Company’s works. 


No. of 
trial. 

♦ 

Date of cleaning up. 

• 

Weight of stone 
crushed. 

Yield of gold. 

Bate per tea. 

Bbmabks. 


1876. 

Cwt.qrs. Ibs. 

oz.dwts.grs. 

oz.dwts.grs. 


1 

5th October ... 

44 

0 

0 

0 9 17 

0 4 10 


2 

30th „ ... 

420 

0 

0 

2 17 21 

0 2 18 


3 

11th November .. 

600 

0 

0 

3 6 6 

0 2 15 


5 

29th „ 

185 

0 

0 

0 9 4 

0 10 

Not passed through amal- 








gamator. 


4th December... 

35 

0 

0 

13 1 

0 16 0 

Picked stone ; cost Es. 15 








per ton. 

7 

23rd „ * . . 

350 

0 

0 

0 16 16 

0 10 

Not passed through amal* 








gamator. 

8 

28th 

40 

0 

0 

0 4 3 

0 2 13 

Stone rejected in trial No. 
6. 


1877. 





• 

i 

i 

9 

6th January ... 

175 

0 

0 

0 8 13 

0 10 

Not passed through amal- 







gamator. 

10 

9th April ... 

160 

0 

0 

0 2 6 

• If 

Hand-ground ; burnt tail- 

* 






ings. 

11 

21st August ... 

140 

0 

0 

3 16 0 

Mt 

Mr. Withers' work and 







| selection. 

12 

25th September.. 

90 

0 

0 

0 9 16 

Ml 

Tailings £rom No. 11 not 







burnt. 

13 

14th October ... 

108 

0 

0 

0 19 12 

0 3 15 

Jacob, carpenter’s, work; 
cost Es. 7 per ton. 





g 

14 19 19 

0 3 0 
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TABLE III. 

Memo, of a$tays, Wyndd Prospecting Company’ e noth*. 


Ama.y« ovtaULuree. 


Assays, vabxous. 




Bekabxs. 

Weight, 

! 

Yield per ton. j 

i 

fiXMABKS. 

lbs. 

oz. 

dwfc. 

grs. 


lbs. 

OZ. 

dwt. 

grs. 

‘ 

fa 

0 

6 

7 

Catcb-pit, not burnt,.. 

112 

0 

9 

0 

Average of 200- ton 










heap, English assay. 

12 

0 

3 

21 

Catch-pit, burnt 

0 

m 

0 

0 


10 

0 

4 

20 

^anket, not burnt ... 

10 

0 

9 

8 

Same stuff, Withers' 
assay. 

10 

0, 

4 

18 

Buddie, burnt 

10 

0 

2 

9 

Same -stuff, Kornmbei’s 

40 

0 

11 

16 

Reverberatory furnace. 





assay. 





hand-ground 

5 

1 

3 

0 

Korumber's a^say, 

112 

0 

3 

8 

Reverberatory furnace, 





Bear reef No. 2. 



%* 


not ground 

5 

0 

10 

0 

Korumber's assay. 

112 

0 

6 

3 

Reverberatory furnace, 





Bear reef No. 1. 





hand-ground 

18 

0 

2 

12 

Korumber's assay. 

1 

0 

1 

7 

Blanket t&ilings, Eng- 





sand from trials. 





lish assay 

9 

2 

5 

0 


1 

0 

1 

b 

Catch-pit tailings, Eng- 










lish. assay 

27 

1 

0 

0 

t 





« 




1 

r 



TABLE IV. 


Memo . of crush ings, $c., Prince of Wales 3 Company Limited . 


Month. 

Quartz 

crashed. 

Total yield of 
gold. 

Average yield 
per ton 

Total cost of 
mining. 

if 

11 ! 

a i 

Average cost of 
crashing 1 ton. 

1877. 

Tons. 

V 

dz. dwt. grs. 

OZ. dwt. grs. 


Bs. A. P. 

Rs. A.P. 

Rs. A. P. 

August 17th ... 








September 

>104*66 

14 10 0 

0 2 18*5 


362 7 0 

3 7 8 

1 13 9* 

October 13th ... 

) 







November ... 

12*00 

[ 1 6 12 

0 2 5 

1 


5 0 2 


Ditto 

50*00 

29 9 0 

0 11 19 





December 

50*00 

41*6 0 

0 16 12*25 

1 


i 


1878. 




1 

i 

926 12 6 

5 14 8 


January 

104*00 

77 9 18 

0 14 21*6 

i 




February 22nd .. 

2*00 

0 16 0 

0 8 0 

J 




Total ... 

322*66 

164 17 6 

0 10 12 

1,600 1 0 

4 15 4 

1 13 9. 


oz. Rs. A. P. 


Specimens of gold in quartz sold in November, about m. 4*35 175 Q 0 
Ditto 4 ditto December, „ — 4 156 4 0 

j, Ditto ditto Jany. & Feby. „ ... 23 920 0 0 

Average price of gold from crushings, por ounce 41,10 8 

*~****~ * presumed average, taken from Table 1, of Alpha Company’s results. 
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Notes ok the Representatives of the Upper Gondwana Series in Triohinopoly 
and NelloretKistna Districts, by R. Bruce Foote, F.G.S., Geological Sur- 
vey of India* 

The following notes on the most southerly group as yet known of “plant beds” 
belonging to the npper division of the great Gondwana series, will be found to 
supplement very considerably the information given by Mr. H* F. Blanford about 
the “Ootatoor plant beds” in his very interesting Memoir “On the Cretaceous 
and other Rocks of the South Arcot and Triohinopoly Districts.” 1 

These beds, which crop out from below the western boundary of the main 
area of the cretaceous rocks, were worked out by Mr. H. F. Blanford when in 
charge of the Madras Party of the Geological Survey of India in the year 1858, 
1859 and 1860. They were re-examined by me in the autflmn of last year (1877), 
with the object of comparing them more closely with the various other groups of 
ropks of similar age which had since then been mapped dnring the progress of the 
Survey work northward, along the coast, into* the Godavari valley. 

The plant remains which characterise these bfeds, and the discovery of which 
first led to the separation of the “plant beds” from th$ overlying lithologically 
similar cretaceous series, were discovered by the ltffce Mr. Charles M. Oldham, to 
the east of Ootatoor village, and were shortly afterwards recognised by Dr. 
Oldham, then Superintendent of the Geological Survey of India, as identical 
(in part) with the species occurring so numerously in the Rajmahal beds of 
Bengal, and with some of the fossil plants discovered in the oolitic beds of Cutch. 

The Ootatoor plants were mostly referred to the genus Palceozamia, one of the 
Cycadeous family ; and this is the only name mentioned by Mr, Blanford, presum- 
ably because none of the others had then been determined. The plants, though 
often so favourably fossilised that very delicate markings are perfectly preserved, 
are almost always very fragmentary in character — often mere shreds of the original 
plants. 3 

The beds occur in six small detached patches, winch all rest directly on the 
very uneven surface of the gneiss, and form a line running north-east-by-north to 
south- west-by-south, the extreme ends of which are fifteen miles apart. 

As Mr. Blanford has given but little detailed information as to the variety of 
beds, the following sections will be found useful for comparison with other 
sections elsewhere. Lists of the fossils obtained by me will also be given further 
on. 

I. — Sections of the Naicoltjm Patch. 

. . Section No* 1 (in descending order)* 

15. Brown and purple sandstones with obscure plant remains. 

14. Clays and shales, buff, light-brown ) ... 

13. Ditto ditto, drab, white and buff J bedB> roUmg ' 

13. Sandy shale,' hard, purple and brown. 

11. Shales and clays, buff and whitish, with kunkur, 

10. Shales, gritty, ferruginous. 

J Memoirs of the Gedlogical Survey of India, Vol. IV, Ft. 1,1. 
a 
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9. Shales, gritty, with fine day in nests. 

8. Ditto ditto, buff, drab and white, with reddish yellow, gritty partings. 

7. Ditto sandy, grey and drab, with clay galls. 

6. Ditto ditto, grey, white and buffy. 

6. Sandstones, micaceous, grey, reddish, thick-bedded, dip 10° to 12° east. 

4. Shales sandy, white drab, grey. 

3. Ditto ditto, buff, drab, red, dip 45° north-east. 

2. Gritty beds, with much kunkur. 

1. Silt, clayey, mottled white and red. 

Gneiss. 

This section extends over a distance of 900 paces along the lane running east from 
Naicolum village. 

Section No, 2, 

10. Shales and clays, micaceous, grey, white, drab, pale buff, brown, with plant 
remains. 

9. 'Shales, gritty, brown. 

8. Ditto, micaceous, drab. 

7. Clays, white, grey. * 

6. Grits, micaceous. 

6. Shales, gritty t micaceous, with kunkur. 

Gap in section, * 

4. Grit, hard, grey, calcareous. 

3. Shales, grey and white. 

2. Grit, brown. 

1. Boulder bed. * 

• Gneiss. * 

This section is seen in the small rain gully running north-east from the extreme 
Bouthommost point of this plant-bed area. The few plant remains found in this 
section were all obtained in No. 10. Amongst these were a fairly well preserved 
specimen of part of a frond very nearly allied to (if not identical with) Otozamitcs 
abbreviatus and a pinnule of Ttitophyllum acvtifolmm. The other plant remains 
were undeterminable, grassy-looking stalks. Mr. H. F. Blanford describes the 
plant beds here as abounding in Zamias, so probably he had the good luck to 
hit upon particular beds rich in fossils which escaped me, though I searched very 
carefully for them. His description gives no clue as to what part of the series he 
found the fossils in. 

From section No. 1, 1 obtained nothing recognisable on cursory examination, 

and was prevented by bad weather from making a closer search. 

* 

II. — Sections in' the Ootatoor-Terany Patch. 

Both ends of this patch of the plant beds proved themselves rich in fossil 
remains, representing a considerable number of genera characteristic of the 
Bajmahal flora. The following section No. 3 gives a good idea of the succession 
of beds in the qguthem port of the patch : 

Section No. 3. 

83. Gritty sandstones, grey, massive. 

22. Ditto, coarse, ferruginous, purple to brown, rolling. 
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21. Gritty sandstones, and shales, {prey, alternating. 

20. Ditto, tfbuff and drab, false bedded. 

19. Ditto, grey and whitish grey, flaggy. 

18. Shales, gritty, grey, drab. 

17. Gritty sandstones, coarse, ferruginous. 

16. Ditto, buff, false bedded. 

15. * Ditto, grey, drab. 

14 Shales, sandy, drab. 

* 13. Djtto, white, grey, buffy. 

12. Gritty sandstones, brown, flaggy, with a few pebbles. 

11. Ditto, false bedded. 

10. Conglomerates and sandstone (local), with red clay in galls and lenticular 
patches. 

9. Pebble and boulder bed (local). 

8. Sandstone, gritty, buff, brown. 

7. Ditto, ferruginous. 

9 Small fault. 

6. Grit, shaley, drab. * 

6. Conglomerate, gritty, ferruginous, enclosing gneiss pebbles. 

4 Grit, fine light-colored, enclosing boulders. 

3. Ditto, coarse, ferruginous. * 

2. Ditto, fine bedded, shaley, brown, buff, pinkish. 

1. Boulder bed. * 

Gneiss. 

The direction of this section is, roughly speaking, from west-south- west to east- 
north-east, and the length about one-third of a mile. The dip is easterly, but shifts 
several points northward and southward with tho rolling of the beds. The 
average dip is from 12° to 15,° but varies a good deal in parts. The plant 
remains were mostly obtained from beds Nos. 13 and 14, but a few also from a 
thin bed of clayey red sandstone, a little distance south of the section locally 
underlying No. 11. 

The fossils obtained at the Terany end of this patcl/of plant beds were found 
in the materials excavated in sinking two new bowries in the paddy flat im- 
mediately east of the villages. As the beds are nearly horizontal, their base is 
obscured by the water in the wells ; but they are probably low down in the series, 
as they lie close to the gneiss boundary. 

The fossiliferous rock is a fine shaley micaceous* sandstone of deep buff colour, 
and unfortunately rather friable, so that the impressions of the plants are very 
easily effaced. They will be enumerated further on. 

III. — The (Kaukay) Kari Patch. 

A good section of the western end of this patch is formed by a nullah which 
drains into the tank north-east of Terany. 

Section No. 4 . 

16. Grit, purple (overlaps on to the gneiss). 

16. Shales, drab and buff and grey, mottled. 

14 Ditto, sandy, buff, ♦itbjarge concretions. 
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13* Grit, with band of calcareous concretions, some quite gritty* 

12. Shales, grey and buff. » 

11. Ditto, buff, reddish, with gritty partings, locally. 

10. Grit, hard, purple, brown. 

9. Calcareous concretions, band of, with much kunkur* 

8. Shales, sandy or clayey, buff, yellow, grey, white. 

7. Grit, hard, purple, orange. 

6. Shales, clayey, grey, white, with bands of ferruginous concretions. 

5. Grit, bard, purple, brown. « 

4. Ditto, mottled (with gneiss pebbles). 

3. Ditto hard, thin-bedded, orange and purple. 

2. Shales, clayey and sandy, grey, mottled, with sandstone partings. 

1. Grit, semi-compact, mottled, purple, buff, orange, grey and white, with fragments 

of felspar, ferruginous concretions, and much kunkur. 

Gneiss. 

The succession of the beds in the upper or northern part of the section is obscure, 
but they seem to succeed each othor regularly, and to abut against the gneiss, 
which here rises in a steep bank. The mineral character of the different beds 
changes so rapidly, that it is very difficult to trace them with certainty where the 
sections are not very clear and distinct. 

A little to the east of the above section the basement bed is of a bright blood-red 
with grey and white speckling^ and the representative of No. 3 on rich red or purple 
grit. The boulder bed, so characteristic elsewhere, does not occur in this seotion. 

Fossils are not numerous in this part of the Kari patch ; the only one found 
by me was a rather fine frond of Otozcmites , procured from the buff shalo bed 
No. 8. 

IV. — The CooDicAun-KuLLrAuPT Patch. 

* 

The greatest development of the boulder bed at base of the plant series is to 
be seen to the north-west of Coodicand, and here, as near Ootatoor, the included 
boulders are greatly decomposed. The spaces* between the boulders are occupied 
by a fine silt of buff or brownish yellow colour. The following section of the 
lower part of the series was observed in a rain gully east of Iyalur (Aiyalur) : 

Section No. 5. 

6. Grit, greenish, yellow. 

5. Ditto, ditto and drab. 

A Limestone, coarse concretionary, dull-brown, with badly presorted traces of plants. 

3. Grit, buff. * 

2. Grit, silty, buff, with much kunkur. 

1. Boulder bed, with buff silt. 

The impressions of plants in the limestone are not recognisable. The beds roll 
. about at low angles, but have a general low dip south-eastward. The upper bed 
fc covered by cotton soil, which extends for a considerable distance eastward. 
Further to the north-east the plant series is more fully exposed in numerous deep 
! pain gullies, and shows, as pointed out by Mr. Blanford, “ alternations of mica- 
i mom shales and grey sandstones and grits with graft gritty calcareous concretions/’ 
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The dip is eastward or north-eastward at angles from 8° or 10 6 up to IS 0 and 20. 6 
Plant remains are rare ; Mr. Blanford failed to find any, but Mr. Oldham was more 
fortunate ; and I too succeeded in finding some in two beds. In the first case, the 
matrix was a rather coarse friable micaceous shale, and the remains neither 
characteristic nor presotwable. In the second case, a fine-grained, rather soft, 
buffy-brawn, sandy shale near the base of the series yielded well preserved, but 
fragmentary, remains of Pterophyllum sp., of Ptilophyllum cutchense ? and 
AngmptericUum spathulatum , besides a Cycadeous (?), fruit and stalk-like frag* 
mentst 


V* — The Disputed Beds at Mauayatur. 

' According to Mr. H. F. Blanford’s views, no true plant beds occur northward 
of the Coodicaud-Kullpaudy patch just described, but, according to Dr. Oldham’s 
views, another patch of them occurs about a mile to the north of Maravatur 
(Myaviatoor of Sheet 79). Mr. H. F. Blanford contended strongly that the 
latter beds were really of cretaceous age, though petrologically very like the true 
plant beds further south ; and based his contention mainly on the ,fact that he 
could “ not find any remains of plants,” while the stratigraphical relations of the 
disputed beds and the overlying Ootatoor beds appeared to indicate conformity 
and true sequence. Dr. Oldham, on the other han& insisted that he had dis- 
covered true Rajmahal plants in these disputed be® in 1859, and again when he 
revisited the place in 1861. 

The results I obtained after a most careful examination of this disputed patch 
of ground compel me to adhere to Dr. Oldham’s view, that it is an extension of 
the true plant beds. Plant remains do unquestionably occur in several of the 
beds near the gneiss, together with impressions and casts of a small bivalve 
shell. The plant remains are, it is true, very ill preserved and quite fragmentary, 
but patient searching yielded a number of specimens which admit of approxi- 
mate determination ; and these represent some of the commonest forms in the 
undisputed plant beds of Terany and Ootatoor. Had *1 not found these plant 
remains, I should have sided with Mr. Blanford, for the stratigraphical evidence 
of a break is wanting. 

The fossil plants that are recognisable in the specimens I obtained are various 
fronds of Angiopteridium , a fragment of a fern very near to Sphenopteris, and 
fragments of Ptilophyllum > Macrotaniopteris ovata (i 1 ), and Dictyozamites. I have 
sent up 19 specimens of plants in all to our Museum from Maravatur, and should 
have sent many more but that they had crumbled into dust, owing to the cases 
they were packed in having, together with much of my most valuable luggage, as 
despatch-box, book-box, gun-case, <fcc., been soaked in a tank for some while through 
the cleverness of a cartman. As will be readily understood, when the identity of 
the source of the materials of which both the plant beds and overlying cretaceous 
rocks are formed is considered, there is a very strong petrological resemblance 
between many of the beds in both formations. There is quite as great a variety 
in mineral character and colour among the members of the plant-bearing series as 
in a similar thickness of deposits in the Cretaceous group. To my mind, they 
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are by no means so monotonous in composition or colour, as compared to the 
cretaceous rocks, as Mr. Blanford’s description would lead one to believe. 1 

The position occupied by the several patches of Rajmahal beds now described 
is quite analogous to that of the various other patches occupied by them along 
the coast as .far north as the neighbourhood of Ellore in the Godavari district. 
There f is also very strong resemblance in the petrological character of these beds 
with many of those occurring in the Chingleput, N ellore, and Kistha districts, 
as will be pointed out further on. Many beds in those districts are unquestion- 
ably of marine origin, as proved by the fossils they enclose ; and such beds enclose 
also numerous plant remains in no wise different in kind, or in state of preserva- 
tion, from those not associated with marine remains. This throws a doubt on 
the assumption, that all the Rajmahal beds in Trichinopoly district are of fresh- 
water origin. Except the negative evidence from the absence of marine fossils 
from such beds, there is no ground for supposing such beds to be of fresh-water 
origin ; and this latter supposition requires a total rearrangement of the geogra- 
phical conditions which may, from recent analogy, be supposed to have existed 
at that period. When Mr. Blqnford wrote his Memoir, it is true none of these 
other Rajmahal formations were known or suspected to be of marine origin ; his 
deduction therefore of c their fresh- water .origin was natural. 

The discovery of a marine fauna in the southern representatives of the 
Upper Gondwana series wdft first made by myself when surveying the Sri- 
permatur area west of Madras in 18G3. From the nature of the plants there 
discovered in the same beds of (white or grey) shales with the marine remains, 
no doubt could remain of their formation being truly of Rajmahal age. Since 
then still more strikingly marine beds have been discovered containing Rajmahal 
plants, e. g., the Ragavapuram shales in the Godavari district by Mr. King, 
Deputy Superintendent, Geological Survey of India (in 1874) ; also the Vem£- 
varam shales in Nellore district (by myself in 1875) ; and the Budavada shaley 
calcareous grits also in N ellore district (found by me in 1876). The northerly 
extensions of the two laJter formations into the Kistna (Guntoor) district are 
also of marine origin, and so, too, are the plant-bearing beds further south in the 
N ellore district at and around Kandullur. 

The nature of the small bivalves found in the “ disputed beds ” at Maravatur 
has not yet been determined critically ; but they look to me, if I may trust my 
memory to that extent, very ipuch like some minute shells that I found in some 
of the plant beds north and south of Kandullur, associated with other unques- 
tionably marine shells. 

In his interesting paper “ On the Age and Correlation of the Plant-bearing 
Series of India/’ read by Mr. H. F. Blanford before the Geological Society (of 
London)/ he speaks of “beds with marine fossils intercalated with them” (the 
plant beds) ; this is not correct, for there is no separation of the beds. Where the 
marine fossils occur, plant remains occur also, and often in the same hand speci- 
; men; and these ptant remains are precisely in the same condition, and fossilised 

’ ' 1 Memoirs, O. S. I., vol. iv, p. 42. 

: * Quaff. Joura, Geol. Soc., vol. XXXI, p. 5X9, 1875. 

o 
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in the same way, as those occurring in other shale beds, where marine fossils are 
not found. This association of the plant and animal remains occurs also, and 
yery markedly, in the shaley beds at Vem&varam (in Nellore district), and further 
north in the Kistna district. 

I confess it appears to me to be unnecessary to imagine that any of the beds 
are of fresh-water origin, simply because of the absence of marine fossild from 
some of them, when they abound in other beds intimately associated with, and 
perfectly conformable to, the former. A change of level and of other geographi- 
cal circumstances, so great as to replace the sea by a lake, or large river, or vice 
versa, is one of such magnitude, that it would surely produce some stratigraphical 
discordance of corresponding import. No such discordance is traceable in any 
of the numerous patches of Upper Gondwana plant beds that I have now seen. 
The absence of marine fossils from some of the beds should therefore, I submit, 
be explained in some other way. 

* For the sake of comparison, I give below several sections from the more 
northerly patches of Upper Gondwana rodks.^ The first of these occurs in 
the banks of the Naggery river at Chittapuram, a little below the junction 
with the Tritany river, in North Arcot district. The tome beds occur in both 
banks, but they are best seen in the right, or south, bank. The succession 
of beds in downward succession is the following :-#■ 

8. Laterite and quartzite shingle bed. 

7. Quartzite shingle, with sandy matrix. * 

6. Gritty friable sandstone with shaley and kunkury layers ; the gritty parts 
much false-bedded. 

5. Quartzite shingle, with sandy matrix. 

4. Friable sandstones, with plant remains. 

3. Coarse shingle, matrix of sandy clay. 

2. Clays, light brown grit, with bands of sandstone and plant remains. 

1. Boulder bed, resting on the gneiss which shows ^ little to the west. 

The plant remains were obtained from the corresponding beds on the north 
bank of tbo river. They consistod of a small, but broad, leaf, closely resembling 
Macrotceniopteris ovata , from No. 4 of which several specimens were found, and 
of fragments of fronds of Dictyasamites and IHilophyllum , from No. 2. 

The sections near Sripermatur are such very shallow ones, that they afford 
but little material for comparison. The best perhaps is that seen in the Kam- 
bam Kal (a channel feeding the great Sripermatur tank), about half a mile west 
of the Engineer’s bungalow. The beds exposed are— 

5. Lateritic sands, with quartzite implements. 

4. Shales, pure white, compact — the “ plant beds.*' 

3. Grits, yellowish, coarse, with shaley partings, much false-bedded, very friable. 

2. Shales, sandy, micaceous. 

1. Sandstones, gritty, white and greenish, grey, friable, 

The last section that I will quote from the Sripermatur area occurs at Vatam- 
bakam (Vantambanum of Sheet 78) in the southern part of the area, where a 
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small headland some 30 feet high juts out from below the Oragidam laterite 
plateau. The beds here seen are — 

13- Laterite gravel, with quartzite pebbles. 

12. Clay, white sandy, with concretionary lateritic ironstone. 

11. Grit, friable, coarse brown, buff and whitish, with shale and sandstone partings, 
passing down into — 

10. Sandstone, brown and reddish-brown, compact, lateritic and shaley. 

9. Sandstone, buff, very fissile and shaley. 

8. Clay, sandy, white and pale buff, rather friable with plant remains. 

7. Sandstones, shaley, purple and buff with clayey partings, 

6, Shale, sandy (local). 

5. Clay, white. 

4. Sandstone, shaley, purple at top, buff below. 

3. Clay white. 

2* Sandstones, thin-bedded, buff, more gritty and purple at top. 

1. Shales, sandy, whitish, friable. 

The plant remains in No v 8 *are numerous and well preserved, but very 
difficult to secure, owing to the very friable nature of the matrix. Among the 
fossils were two or three species of Ptilophyllum and Angiopteridium. 

There is nothing in the Tricliinopoly plant beds that resembles the hard 
compact shale variety which dfccurs at several places in the Sripermatnr area. 
In texture and lustre this shale is sometimes almost porcellanic, and when 
fossiliferous contains the best preserved remains found. A similar variety is 
common at Vemaveram in the north-eastern corner of Neflore distriot. Here it 
is, however, never quite so hard as the hardest forms seen near Sripermatur, but, 
like them, shows the fossils enclosed in a high state of preservation. 

Most of the fossils found in the Sripermatur area and at Vemavaram aro 
covered by a thin film of colour, either red or purple, more rarely brown or black, 
which does not extend to the surrounding shale or sandstone, so that the organ- 
ism is strikingly set off.<t It is very rare for the colour to extend beyond the 
limits of the organism. This colouring is much less frequent in the Tricliinopoly 
specimens. The vegetable fossils from all the Upper Gondwana formations on 
the Coromandel coast agree in being very fragmentary, however well preserved 
they may be in other respeots. They were evidently swept out to sea in some 
condition, and speedily imbedded before decay attacked them. 

The Trichinopoly patches show many fewer argillaceous beds than do the more 
northern ones, especially those in the neighbourhood of Madras and of Guntoor; 
this may be due in great measure to the different mineral character of the mass 
of the gneissic rocks which yielded the materials of which these younger rocks 
were built up. Both opposite the Madras and Guntoor Upper Gondwana 
areas, coarse, highly felspathic granitoid gneiss constitutes the main mass of the 
country over many hundred square miles, while the bulk of the gneissic rocks 
forming the Patchamallays, the high lands which yielded great part of the 
j^&terials of the Trichinopoly beds, arc pre-eminently silicious and ferrugi* 
iious. 
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Of the sections to be seen in the patches of Upper Gondwana rocks occurring 
on the borders of the Nellore and Kistna districts, two only are worth special 
notice ; for, as a rule, the beds are so little exposed, that it is impossible to trace 
their succession with any certainty. This is due in part to the very slight eleva- 
tion of the area they occupy, much of it being hardly raised above the general 
level of the band of coast alluvium, in part also to the very great thickxfess of 
cotton soil which extends far and wide over all the older formations. The two 
best*sections are the Vemdvaram section (only 8 miles from the coast and 12 
miles north-east- by-north of Ongole) and the Boodavadah section, 11 miles to 
the north of the former. In neither section are the uppermost beds seen, being 
obscured by the coast alluvium and superincumbent cotton soil. The exposed 
beds are, in downward succession, — 

9. Shales, purple. 

8. I)o., bufFy. 

7. Do., softish, brown, white and purple. 

6. Do., hard, with red and brown sandstone partings. 

5. Do., do., partly flaggy, variegated. > 

4. Sandstone, parting. J 

3. Shales, thin, flaggy, buff and white, rather hard, “ fish bed.” 

2. Do., sandy, mottled. * 

1. Sandstones, shaley, buffy in colour. 

The base of the section is also obscured by cotton soil, but about a mile to the 
west, softish .gritty sandstones arc seen resting on a hummocky granite gneiss, 
analogous to parts of Jthe boulder beds forming the base of the Ootatoor plant 
beds in so many places. Some of these gritty sandstone beds abound in frag- 
mentary plant remains, impressed in red colour on tho friable surface. Among 
tbe impressions many are not determinable, but perfectly recognizable fragments 
of Dictyozamites (a small form) are very numerous amongst the others. A series 
of these was sent up in 1875, but from the great friability of tbe sandstones it 
is very possible they did not bear the journey. Except in the coarser character 
of the rock, the general appearance and mode of occurrence of tho fossils from 
these bottom sandstones are a good deal like those of the fossils found at Terany 
in Tricliinopoly district. 

The second section in the Nellore- Kistna ground, to be quoted for comparison 
with the Ootatoor plant beds, occurs at Budavada in Nellore district, 25 miles 
north-north-east of Ongole, and miles west-north-west of the travellers’ bun- 
galow at Inkolu on the old Madras- Gun toor road. This section seems to take in 
the whole of the Upper Gondwanas in this region, but is not by any means as 
distinct as might be wished, and I offer it as an approximation to the truth and 
as liable to possible modification hereafter. The section is based upon the results 
of examination of a series of wells, supplemented by a few poor outcrops and 
small stone pits. The obscurity is due to the great thickness of cotton soil over 
the eastern half of the section. 

The section which extends from half a mile west of Budavada (Boodhawadah 
of Sheet 76) runs due east for the first half of its length, and then turns north-east 
up to the village of Pavulur, the total length being miles. The series of beds 
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here seen, and which I divide into three groups, is thus arranged in downward 
succession 


Pavulub Gboup 
• ' 

Vemavaram Group 


Budavaua Group 


i 9. Sandstones, friable, coarse reddish-brown. 

8. Do., hard, greenish -black, calcareous, slightly shelly 

weathers grey or brown. 

7. Do., friable, drab, pale brown. 

... 6. Shales, various, hard and soft, mottled in parts, generally light 

grey in colour. , 

^5. Sandstones, gritty, calcareous and full of shells, rather hard and, 
tough when fresh. 

4. Do., shaley, friable, drab, buffy. 

...H 3. Do., hard, brown, alternating several times with shaley 

I beds. 


* 2. Do., massive, hard, brown. 

I 1. Do., pebbly, outcrop much weathered. 

Gneiss 


The general dip is easterly, at varying and generally vciy low angles, fteds 
Nos. 4, 5, 6* and 8 contain marine shells; Nos. 5 and 6 contain plant remains as 
well, and No. 9 plant remains only. 

The Verna varam stales, I believe to be represented by the shales No. 6, and 
these latter do not differ much, as far as seen, from many of the softer bods in the 
Vemavaram section, and they resemble many of the shales in the Ootatoor group. 
The shelly sandstones, No. 5, are utterly unlike anything as yet known in any 
of the other Rajmahal areas throughout India. 

Whether the three groups into which the plant beds of tlio Ncllore-Kistna 
area here show themselves to be naturally divisible can be correlated with the 
three groups Mr. King has established for the Upper Gondwanas of the Goda- 
vari district remains to be seen, when the flora and fauna of the more northerly 
series shall have been worked out. I am inclined to doubt it at present. Of 
the petrological agreements there can of course bo no doubt, but the palaeonto- 
logical evidence of the iflbst important plants, and of the very interesting crusta- 
cean of the genus JEJryon which I discovered at Verna varam, appear to me to 
indicate that the Vemavaram group is of the same age, and not newer than 
Mr. King’s Golapilly sandstones in the Godavari district, which Dr. Feistmantel 
regards as a true Rajmahal formation. I look upon the Vemavaram group as 
the true marine representative of the Rajmahal formation proper. My reasons 
for so thinking 1 will not discuss here at length, but reserve them for a fuller 
account of the Nellore-Kistna Upper Gondwana groups, which I am now engaged 
upon. 

None of the “ plant bed” areas of the Madras Coast has been exhaustively 
searched, and further research may yet add largely to their floras and faunas ; 
but such further research is not, likely to be undertaken by members of tho Geo- 
logical Survey, at any rate for a very long time. The collections we now possess 
must therefore for the present be assumed to represent fairly tho real contents 
of the sevoral groups of beds. By means of the rough lists of fossil plants from 
\jmp Ootatoor group of patches severally, the Sripermatur area generally, and 



\ 

Part 3.] Foote : Representatives of the Gondwana Series } tyc. 257 

Vem&varam and Budavada severally, which I give below, the respective floras ^ 
may be compared roughly. 

A few facts concerning the distribution of the leading plants which the mere 
lists do not show may be pointed out in conclusion of my notes. Dictyozamites 
is a genus veiy rarely found in the Ootatoor group of beds ; it is rather more fre- 
quently met with in the Sripermatur area, but by no means a commori plant 
there; at Vemavaram, on the contrary, it is one of the most numerous, and 
shows considerable varieties of form and size. Angiopteridium spaihalatum is 
very common at Terany, and occurs in most of the other Ootatoor localities ; it is 
rather uncommon in the Sripermatur area and one of the rarest forms seen at 
Vem&varam. The form most peculiar to the Sripermatur group, where it occurs 
frequently, is one I take to be a Conifer hitherto undescribed. This form, which 
has some resemblance in the arrangements of the leaflets on the stalk to Taxites 
tenerrimus, Feistmantel, figured in the Flora of the Jabalpur Group, but greatly 
exceeds that species in size, is very rare at Vem&varara, and was not found at all 
in %ny beds of the Ootatoor area. EeMnostrobns rajmahalensis is numerously 
and remarkably well developed at Yemavaram : t it is rare in the Sripermatur 
area, and absent from the Ootatoor plant beds. Similarly the genus Ptero- 
phyllmn is much better represented both in number of species and specimens at 
Yemavaram, than either at Sripermatur or in the Ootatoor area. 

Dr. Feistmantel considers the Sripermatur group and Tricliinopoly or Oota- 
toor plant beds as equivalents of Mr. King’s Ragavapuram beds (Godavari 
district), a view in which I am quite prepared to agree with him. As already 
mentioned with reference to my Yemavaram crustacean, which he described as 
Ergon Comp. Barrovensis , he has, owing to some unfortunate confusion of the 
collections, looked upon the Sripermatur and Yemavaram fossils as both coming 
from the vicinity of Madras, though in reality belonging to localities more than 
200 miles apart. When he comes to separate them, I quite expect he will see the 
necessity of looking upon the Vemavaram beds as rather older than both the 
Sripermatur and Ootatoor plant beds. * 

The following lists give the fossils collected by me from the several patches 
of the Ootatoor plant beds ; their determination is of course only preliminary, 
the final one having yet to be made by Dr, Feistmantel at the Museum in 
Calcutta, where they can be compared with the type specimens of all the Upper 
Gondwana floras at present known. The several localities arc arranged in tlicir 
geographical sequence from south to north. In drawing up and correcting these 
lists, I have of course availed myself as much as possible of Dr. Feistmantcl’s very 
valuable monographs. 


1. Naicolum. 

Ptilophyllum acuti folium* 

Otozamites abbreviates ? 

Branching leaf-like stalk. 

Grass-like branching (dichotomous) leaflets, very delicate. 
Stalk with central groove. 
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2. OOTATOOB. 

Cyclopteris ? 

Aletkopteris indica . 

Angiojpteridium spathulatum. 

Macro teen iopjteris ovata ? 

Zamites ? 

Ptilopkyllum acutifolium. 

Pt. cutchense ? 

Otozamites ? 

Palissya, sp. 

Seeds or small fruits, numerous ; Cycadeous ? 

Stalk ribbed. 

3. Tkbany. 

Sphenopleris, sp, 

Aletkopteris indica . 

Angiopteridium spathulatum . 

Maerotceniopteris , sp. 

M. ovata? * 

Pterophyllum, sp. 

Pi. distans ? 

Ptilopkyllum ucutifolium . 

JDictyozamites indicus. 

Otozamites , sp. 

Pallissya indica . 

Cheirolepfs ? 

Seeds or small fruits. 

Stalk-like fragments of various shapes. 

4. Kabi (Kaubay) South Patch. 

Otozamites , sp. P abbreviatus? 

5. Kudikad (Coodicaud)-Kullpaudy Patch. 

Angiopteridium spathulatum . 

PlerophylJiim, sp. 

Ptilopkyllum cutchense ? 

Fruit or seed, cycadeous? 

Ribbed stalk of — P 

6. Mabavatub. 

Sphenopteris, sp. 

Angiopteridium spathulatum, 

Maerotceniopteris ovata ? 

Ptilopkyllum acutifolium . 

JDictyozamites indicus. 

Lists of the fossil plants from the Sripormatur and Vem&varam groups and 
from Budavada are added, to assist in comparing all the groups. 

Sbipebmatub Gkoup. 

Sphenopteris, sp. 

Pecopteris ? 

& ( Angiopteridium spathulatum . 
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Macrotoeniopteris , sp, 

Pterophyllum, sp. 

Ptilophyllum acutifolium. 

Pt cutckense f 
Otozamiles , sp. 

Dictyozamites indicus . 

Palissya , sp. 

Echinostrobus rajmahahnsis . 

Grassy stalks. 

Scales or bracts. P Araucarifes. 

Seed vessels. 

Coniferous leaves, undetermined. 

Vbmavaram Group. 

Sphenopteris , sp. 

Dicksonia, sp. 

CyclopteHs ? sp. 

Aletkopteris indica. 

Angiopteridium spathulatum. 

Macrotceniopteris ovata . 
sp. 

Pterophyllum distant ? 

Pt. sp. 

Ptf. jlssum. 

Zamites proximus. 

Ptilophyllum acutifolium. 

Pt. cutckense. 

Otozamites , sp. 

Dictyozamites indicus . 

Palissya indica. 

Cheirolepis ? 

Echinostrobus rajmahalensis. 

Araucarites , sp. (/ macroptenis.) 

Cunning kamites duhiosus 1 
Coniferous leaves, undetermined. 

The plant remains obtained from the shelly grit No. 5 at Budavhda were : — 
Angiopteridum spathulatum . 

Ptilophyllum acutifolium . 

Otozamites abbreviate ? 

Dictyozamites indicus. 

The shales No. 6, the apparent equivalents of the Vemavaram shales, yielded 
Pterophyllum sp. 

Ptilophyllum acutifolium. 

Pt cutckense . 

Palissya indica ? 

The list of Vem&varam fossils was drawn up from only a small part of my 
collections, and is therefore far from complete, but, as it is, it shows a far greater 
wealth of foini than appears in any^of the other localities. 
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Senabmontite pbom Sarawak. 

When recently arranging the Indian and foreign ores of antimony in the 
Geological Museum, I found, amongst those from Sarawak, in Borneo, which 
consist mainly of the sulphide and native antimony, a specimen which contains 
more than one oxide. It is about half a pound in weight, and consists of native 
antimony with stibnite, greyish- white and grey filamentous tufts, which appear 
to be voleniinite , but which are only distinctly visible under the lens, and cannot 
be isolated for examination, senarnwntite and cervcmtite. The first four are rather 
intimately mixed up, but small fragments of the senarmontite are separable, suffi- 
ciently large for satisfactory determination. It occurs both masdive and in 
crystals, which are unmodified octokedrons : the larger of these are about a 
fiftieth of an inch in diameter ; the hardness is about 2, the colour of the massive 
portion is white and greyish, with resinous lustre ; the crystals are grey and 
translucent, with sub-adamantine lustre on the faces. On charcoal the mineral 
gives an abundant coating of aiAimonious oxide ; it dissolves in hydrochloric 
acid, the solution yielding a wfiite precipitate with water and an qrange-red ono 
with hydrosulphuric atfid. I am not aware that senarmontite has been previously 
noticed from Sarawak, and hence put the above observation on record. 

F. R. MALLET. 
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Articles on tfie Geology of portions of the Bombay Presidency,' written for the 
Bombay Gazetteer (1878), 8vo, Bombay. 
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Archiv fiir Naturgeschichte, Jahrg. XLIV, heft 2 (1*878), 8vo, Berlin. 
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k Foreign Department. 
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The Society. 
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Calcutta.— Journal of the Asiatic Society of Bengal, New Series, Voi. XL VI, 
Part II, No. 4, and XLVII, Part II, No. 1 (1877 and 
1878), 8vo, Calcutta. 

* The Society. 
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• • 
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Cincinnati. — Fourth Annual Report of the Zoological Society of Cincinuati for 
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Part 1 ( (1877), 4to, Edinburgh. 

The Society. 

Gottingen.-— Abhandlungen von der k. Gesellschaft der Wissenscbaften, Band 
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in the collection of the British Museum (1877), 4to, 
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Vol. VII, No. 3 (1878), 8vo, London. 
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No. XXXI (1877), 8vo, London. 
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• 1877 (1877-78), 8vo, London. 

-*• ■ ' * ' * . : 


The Institution. 



PART 3.] 


Addition* to the Library. 


•205 


* 


Titles of Books. Donors / 

London. — Proceedings of the Royal Society of London, Vol. XXVI, No* 184 and 
Vol. XXVII, Nos. 185-186 (1878), 8vo, London. 

The Society. 

„ Proceedings of the Zoological Society of London, Parts III qnd IV 
(1877-78), 8vo, London. 
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,, Report of the Conncil of the Zoological Society of London for 187? 
(1878), 8vo, London. 

The Society., 

„ Transactions of the Zoological Society of London, Vol. X, Parts 3-5 
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and VI, Nos. 1-2 (1878), 8vo, Paris. 
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Philadelphia.— Journal of the Academy of Natural Sciences of Philadelphia, 
New Series, Vol. VIII, Part 3 (1877), 4to, Philadelphia. 

^ The Academy. 

„ Journal of the Franklin Institute, 3rd Series, Vol. LXXV, 

Nos. 2-5 (1878), 8vo, Philadelphia. 

The Institute. 

Rome.— Atti della R. Accademia dei Lincei, 3rd Series, Vol. II, Nos. 3-5 (1878), 
4to, Roma. , 
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„ Bollettino R. Comitato Geologico d’ Italia, Nos. 1-2, (1878), 8vo. 
Roma. 
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Salem, Mass.— Proceedings of the American Association for the Advancement of 
Science, Vol. XXV (1877), 8vo, Salem. 
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Sydney.— Journal and Proceedings of the Royal Society of New South Wales, 
Vol. X (1877), 8vo, Sydney. 


The Society. 
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Sidney. — Robinson, Chas. — The Progress and Resources of New South Wales 
(1877), 8vo, Sydney. ^ 

The Society. 

St. PAUL.-*-The Geological and Natural History Survey of Minnesota. Annual 
Report for 1875 and 1876 (1876-1877), 8vo, St. Paul. 
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U. S. Department op Agriculture 
United States ^Geographical and Geological Survey of the Rocky 
Mountain Region. Contributions to the North American 
Ethnology, Vol. I, (1877), 4to, Washington. 
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attributed to the lower Manchhar beds has also been rendered probable* but in 
general there appears every reason for accepting the views put forward in the 
former paper as to the correlation of the different tertiary groups in Sind. 
It has* however, been found that, in the* original classification, rocks were 
included in the Ranikot group, which belong in fact to a much lower horizon, 
and three small groups haye been established beneath the lower tertiary sub- 
division and referred to the cretaceous epoch. 

Errors m previous paper . — Before proceeding to notice the additions since 
made to the Geology of Sind, it. will perhaps be best to call attention to a few 
statements in the previous paper which farther examination f of the country has 
proved to be untenable. The corrected general section will be found below, 
but there are a few details requiring alteration, besides the entire re-arrangement 
of the beds included in the first notice in the Ranikot group. 

The supposed unconformity between the Gaj beds and the Nari group at 
Tandra Rahim Kh&n, west of Sehwan, 1 appears doubtful. Further examination 
of the junction between the two groups has failed to show any clear evidence 
of unconformable overlap. 

The basaltic lava flow 2 * is now shown to be at the base of the Ranikot 
group, and not intercalated, the beds below the volcanic rock being of different 
age. 

Another error is in the statement 8 that the Khirthar rocks compose several 
ridges near the Habb river, the southernmost of which terminates at Cape Monze. 
It is true that some ridges near the Habb consist of Khirthar rocks, and that 
the ridge west of the river, not far from the mouth, is composed of that formation, 
but the range terminating at Cape Monze proves on re-examination to be of G&j 
beds resting on Nari. The mistake was due to the rocks having been first 
examined Wore the different sub-divisions of the Sind territories had been 
made out. 

• 

General section of rocks in Sind . — The following is the general section of the 
Sind rocks as corrected, the thickness of each group being estimated, as usual, 
where the beds are "best developed. Very nearly, if not quite the full dimensions 
given, from the base of the lower Khirthar to the top of the Manchhars, are, 
however, exposed on the Gt&j ^iver, where, below the beds classed as lower Khir- 
' thars, nearly 4,000 feet of shales and limestones are seen, which probably belong: 
to cretaceous formations : — 4 * * * 


1 Bee. G. S. I., p. 16. . 

* l. <?., p. 

* & c. f p. 13. 

4 In .some brief notes published in the Proceedings of the Asiatic Society of Bengal for 

iiuanaiy lSifA pp* 4 6, all these beds, were classed as lower Khirthars, and the thickness of the 

^ estonted at 10,000 feet, but subsequent study of Dr. Cook's descriptions of the Kelat 

has shown that the unfossiliferous* lower beds in the G4j section may, like some very 

. ^miller roeks south of Kelat* be really cretaceous. > 
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Name. 

Sub-divisions. 

Approximate 

thickness. 


Supposed .geological 

Remarks. 

V .. 






1. Alluvial, Ac. ... 


! 

Unknown 

Recent and post-tor J 





i 

tiary. 

■ 


( Upper 

5,000 

Pliocene 

Apparently r«pvA«^+ r 

2. Mapchhar 

( Lower 

3,000 to 5,000 

Lower pliocene or 

ative of the Siwaliks 
proper. 




! 

1 

upper miocene. 


3. 


1,000 to 1,500 

Miocene. 



f Upper 

4,000 to 6,000 

Lowor mioceno ? 


4. Nari 





{ Lowor 

100 to 1,500 

Uppor eocene. 


5. Khirthar 

( Upper 

500 to 3,000 

Eocene 

Nummulitic limestone - 

V 

( Lower 

6,000 ? 

Ditto. 


6* Ranikot 

* 

2,000 

Ldweif eocene. 


7. Trap 

' 

40 to 90 .. ! 

Upper cretacoons... 

Representative of Dec- 


( Cardita ' eau- 

1 


t 

can and Malwa trap. 


1 monti beds 

350 to 450 

' 



8. Cretaceous ... 

1 

-{ Sandstones.. 

1 Hippuritic 

700 


Cretaceous 

A bed of trap inter- 
stratified with the 





sandstone. 


l limestone ... 

320 


# 

Base of lower group 


: 




not exposed. 


Cretaceous beds . — The only part of Sind in which rocks of pre-tertiary age- 
ore known to exist is in the range of hills running south from Sehwan. Various 
portions of this range are known by local terms, such as Dharan, Tiyfin, Eri, 
Surjana, &c., but amongst the people of the country there is no name for the 
range as a whole. By Europeans the northern portions sometimes called the 
Laki range, from the town of Laki, near the northern extremity, and for want of 
a better name this may be accepted. The old fortress of Ranikot is in this range. 

The Ranikot beds themselves, it may be mentioned, as was already pointed 
out in the previous paper, extend over a considerable area to the east of the# 
Laki range, and southward as far as TJatta. They are, however, not exposed 
anywhere in Upper Sind. The area of the beds beneath the Ranikot group 
extends northwards from the fortress of Ranikot to within four or five miles of 
Laki, a distance of about 22 miles. The outcrop, however, is not quite conti- 
nuous, for the trap and underlying beds are covered up in places by the Ranikot 
group. The Hippuritic limestone, the lowest rock known to occur, is only 
exposed in a single locality. The range is very difficult of access, and there is a 
permanent supply of sweet water at only one spot, the fortress of Ranikot. 

The spot where the Hippuritic limestone is exposed is at a place called Barrah, 
about 15 miles north of Ranikot. The range here consists of three parallel 
ridges. The eastern of these faces the plain sloping to the Indus, and consists of 
vertical or nearly vertical Khirtiiar limestone, on ■ which, to the eastward, 
Manchhar ‘beds rest unconformably. To the westward, Ranikot beds come in below 


the representation of this great volcanic formation in Sind is far from improbable. 
The question as to whether the Ranikot trap belongs to the Deccan series may 
now be answered in the affirmative. There is conclusive evidence that this rock 
is interstratified and not intrusive, for it occupies precisely the same position 
above the highest Oa/rdita beaumonti beds, and below the base of the Ranikot 
group,* for over 20 miles, and appears to be conformable with both, whilst not a 
single vertical dyke has been noticed in the country. The mineral character of 
the basalt is precisely that of a very common form of the Deccan trap, whilst *two 
miner al peculiarities — the occurrence of amygdala, surrounded by green earth, 
and of cavities containing quartz crystals, with trihedral terminations — are both 
characteristic of the trap rocks of Western India. The geological position also 
at the base of the tertiary series corresponds with that of the trap series in Cutch 
and Guzerat. 

It is clear, however, that the thin flows of basalt in Sind can only represent 
a portion <tf the great Deccan trap period, and the lower band in the cretaceous 
sandstones indicates that all the upper cretaceous beds between the two trap flows 
were, in all probability, contemporaneous in origin with the Deccan trap series. 
If now the age of the Gardita beaumonti beds has been rightly determined as upper 
cretaceous, the identification of the Sind representative beds confirms the views 
previously held by myself, but by no means generally accepted by my colleagues, 1 
as to the cretaceous age of the lower ■ portion, at all events, of the Deccan trap 
series. 

• 

Rcmikot group . — It was mentioned in a* postscript to the previous paper in 
the Records 3 that the highly fossiliferous brown limestones seen north-west of 
Kotri and near Jhirak (Jhirk or Jerruck) and Tatta must be classed with the 
Ranikot group, and not with the Khirthar. A list of fossils obtained from these 
brown limestones was given, 3 but from this list two species must be removed, 
viz., Gardita beaumonti and Nautilus labechei , the species thus identified (the 
identification is doubtfuk;u the case of the Nautilus ) being from the olive shales 
now classed as cretaceous. It was also noticed in the postscript that south of 
Ranikot there is distinct unconformity between the Khirthar limestone and the 
Ranikot group, the upper members of the latter being deficient in the Laki range, 
and there being at ofae place evidence of the lower group having been slightly 
disturbed and denuded before the deposition of the Khirthar limestone. The 
break between these two formations is, however, probably not indicative of 
any great interval in time, for several of the Ranikot fossils pass upwards into 


1 Oldham : Rec. G. 8. L, IV, p« 77 ; Wynne : Mem. G. S. L, IX, p. 48. ,1 have lately had 
occasion to go over all the evidence again when writing a chapter on the Deccan traps for the 
Mantial of Indian Geology, and it appears to me that the arguments in favour of considering the 
traps tertiaiy are weaker than I at first supposed. Only one fact of any importance, so far as 1 know, 
has ever been adduced : the supposed identification of certain freshwater shells in the intertrappean 
bed* of the Deccan with forms found in the lower eocene plastic clay of Belgium. Apart from the 
very iihportant one, whether freshwater shells afford trustworthy evidence of age, I 
v g*eptly doubt the validity of the identification. 

m ix, si. 
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the EJurthar beds . In same cases, it is true, tier© does appear to be a change of 
species i thus Ev/rJiod/uk / trtoTvi8 / i l a common Eftnikot echinoderm, appears to be 
represented by E. calderi in the Khirthar b&ls, but still there is much evidence 
of transition, for the lowest Khirthars near Jhirk and Tatta 4 have much the 
character of the Ranikot limestones, and there is a gradual passage from the one 
to the other ; so much so indeed, that Mr. Fedden has found it difficult to the 
southward to determine any exact limit between the two, and to map their 
boundaries. 

All the lower portion of the Ranikot group consists of soft sandstones and 
shales, much variegated in colour. The only fossils found are land plants ; many 
of the shales are pyritous, and gypsum is * of frequent occurrence. It appears 
highly probable that these beds are of fluviatile origin, and their occurrence 
immediately above the trap may indicate that the latter was of subaerial formation 
in Sind, as elsewhere. 

>• 

# Cretaceous and lower tertiary beds of Baluchistan. 

In 1875, from the top of the Khirthar range Jin upper Sind, lov^er beds were 
seen cropping out west of the British frontier from beneath the Khirthar lime- 
stone. At that time, owing to political complications, there was a difficulty in 
visiting any part of Baluchistan ; but in 1876-77, this difficulty having been 
removed, 1 was enabled to examine the sections on the upper Gaj, the only river 
which actually cuts through the Khirthar range. The beds beneath the Khirthar 
limestone at this spot proved to be utterly different froni those seen in the same 
relative position in the Laki range. The following is a rough section of the beds 
on the upper. Gaj, with their approximate thickness by estimate : — 

1. Massive nummulitic limestone forming the crest of the Khirthar 

range ... ... ... ... ... 1,200 

2. Shales, marls, and clays, mostly dark olive in colour and abound- 

Khirthar ... •{ in Nummulites ... ... ... ... goo 

3. Hard grey limestone with Nummulites ' ... ... 60 

4. Argillaceous limestone, shales, and clays, olive and bluish grey in 

colour, abounding in Nummulites ... ... ... 400 

6. Unfossiliferous olive and bluish grey clays and nodular Bhales ; 

no limestone bands ... ... ... ... 1,500 

6. Pale-brown sandstones in thick beds, with traces of vegetables ... 1,000 

7. Fine greenish white sandstone and shale, some of which is carbo- 

Loweb Khib- J naceous ... ... ... ... ... 600 

thab. 8. Dark-brown limestone and dark-green argillaceous beds, with 

Nummulites ... ... ... ... ... 100 

9. Pale-grey argillaceous limestone, with but few fossils. One band 

towards the base contains Nummulites and Alveolince ... 200 

v 10. Fine dark-coloured shales, unfossiliferous ... ... 3,000 

11. Very fine grained homogeneous thin-bedded limestone, white, red, 

grey or ochrey in colour, unfossiliferous, forming a conspicu- 
? Cretaceous i ous range of hills ... ... ... ... 1,200 

12. Hard grey Shales, with calcareous babds, from an inch or two to# 

a foot in thickness ... * ... ... ... 2,500 


12,160 
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* Not a single bed below the, Khirthar limestone (No. 1) can be recognised as 
* identical with any of the formations in the Laki range, although the distance 
between the two localities is only about 90 miles. In the upper Gaj section, 
there are no fossiliferous brown limestones, no trap, no olive shales with Cardita 
beavmontiy no dark ferruginous sandstones nor hippuritic limestone. The sand- 
stones r Nos. 6 and 7 may represent the lower Ranikot beds, but the resemblance 
is not great, and there is no palaeontological connexion between the two. 

The examination of the section was hurried, and it is far from improbable 
that some fossiliferous bands may have been overlooked, but no distinct break in 
the sequence was detected ; perhaps f$r want of palaeontological evidence. The 
division between upper and lower Khirthar, and between the latter and the 
supposed cretaceous beds, is arbitrary ; the limestones No. 8 contain the same 
species of Numr^ulites as Nos. 2, 3, and 4, and no fossils were found below No. 9. 
The sole reason for distinguishing the 6,000 feet of beds, from No. 5 to No. 10 
inclusive, as lower Khirthars, is that, as the nummulitic limestone No. J is 
the same bed at the G&j as in the I ( <aki range, some of these lower beds must 
represent theJEtanikot group. A t first it was supposed that all the lower beds 
on the upper Gaj section w r ere tertiary, and the lower Khirthar beds were esti- 
mated to have a tliickfiess of 10,000 feet, but on subsequently reading more 
carefully Dr. Cook’s account of the geology of Kelat, 1 and Dr. Carter’s notes 
on Dr. Cook’s discoveries, 3 it appeared to me that the peculiar fine-grained 
banded limestones No. 11 must be the same as some red and white limestones 
extensively developed at' no great distance to the north- f west. These red and 
white limestones pass down into some argillaceous beds (perhaps the same as 
No. 12 of the above section), in which Dr. Cook found Ammonites , and he con- 
sequently classed both rocks as mesozoic. 

It is probable that the beds below the Khirthar limestone occupy a large 
tract in Baluchistan to the west of the Khirthar range, for similar beds are seen 
to the westward from the crest of the hills as far north as Darhyaro. Again, 
west of the Habb river, forming the western boundary of lower Sind, the whole 
Khirthar formation appears composed of shales, marls, and sandstones, closely 
resembling the lower Khirthar beds of the upper G&j section, and an enormous 
mass of similar beds is found to the westward in Makran. 8 A peculiar banded 
red and white limestone, so closely resembling that on the upper G&j that these 
two are probably identical, forms a small hill at Gad&ni on the sea-coast, about 
25 miles north-west of Karachi. 

Khirthar group, — The nummulitic limestone of the Khirthar and other 
ranges in Sind varies much in thickness, and the original estimate of 3,000 feet 
may hare been excessive, though it is doubtful whether it is too high in the 
northern part of the Khirthar range, where the limestone must be very thick. 
At the G&j, as we have seen, this bed does not exceed 1,000 or 1,200 feet in thick- 

' & Phya. Soc. Trans. November 1860. X am indebted to Dr. Cook for a copy 

paper. 

•T ' Buy. As. Soc.. VI, p. 184. 

$)■ >.'J| laatera Ferria, II, pp. 48J. 473. 
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ness, and farther south it diminishes still further. In the Laki range it is prob- 
ably not more than 500 or 600 feet, and towards Jungshahi and Tatta it is 
perhaps even' less. Here it rests upon Ranikot beds. But to the westward in 
the Habb valley the Khirthar limestone disappears entirely, and it appears to 
thin out within the space of a very few miles. The Khirthar range is composed 
of the limestone throughout, and terminates to the southward inside the province, 
near a police post called Karcliat, f about 50 miles south by a little west from 
SehVfran. The southern extremity of the range, like several other ridges, is an 
anticlinal, so that the thickness of the limestone is not seen, but it must be con- 
siderable, and can scarcely be less than 500 or 600 feet. About 8 miles west of 
the Khirthar, .the top of the ordinary limestone is seen underlying Nari beds, 
but in the next low ridge to the westward, only about 4 miles farther, the Khir- 
thars are brought up by a fault, and the typical pale-coloured limestone is found 
to be completely wanting, and replaced by dark-coloured grey limestones con- 
taining Echinodermata and Nmmnulites , and inters tratified with shales and sand- 
stones precisely like those of the *Nari group.# A few miles farther west, in the 
Hamlig range, about 25 miles from the Khirthar, fiot a trace of the massive Khir- 
thar limestone could be detectod. The locality is beyond the Sind frontier, and the 
examination was so brief, that some fault may have been overlooked, but at this 
spot, and in some other localities further south, the Nari sandstones appeared to 
pass downwards gradually into shales and sandstones, with some beds of marl 
and dark-coloured argillaceous limestones, containing th<j typical Khirthar num- 
mulites, N. granulosa a^id N. obtusa , &c. These beds precisely resemble some of 
the beds below the Khirthar limestone on the upper Gaj. The brown and yellow 
Nari limestones, too, are only faintly represented towards the base of the group 
by thin bands containing Orbitoides papyraceus. 

Nari group. — No alteration is necessary in the general description of this 
group. Throughout the Khirthar range, the whole upppy portion, 4,000 or 5,000 
feet thick, consists of sandstones, with a few scattered beds of shale or conglome- 
rate, and destitute of fossils, with the exception of a few vegetable markings, 
too imperfect for recognition. The lower sub-division of the group varies in 
thickness from 100 or 200 feet to as much as 1,500, and consists of shales and 
thin bands of sandstone, with brown and yellow limestones ; the latter chiefly 
developed towards the base, and containing Nummtilites garemsensis, N. sublavi- 
geda , and Orbitoides papyraceus ( ovfortisi ). 

It has already been mentioned that in the Habb valley, in south-western 
Sind, there is a gradual passage from, the upper Khirthar into the Nari beds, 
and there is in the same area an equally evident tendency to a passage between 
the Nazi and G&j groups. The Nari group in the Habb valley is probably as 
thick as in the Khirthar range ; but although the prevailing rocks are still sand- 
stones, brown limestones with Orbitoides papyraceus are found iii the middle of the 
group, instead of being confined to the lower portion, whilst the typical limestone 
bands at the base of the group appear to be ill developed. Now, Mr. Fedden 
noticed some time since that baijds of limestone, with apparently the same 
Orbitoides, are found in the G4j group ; and in the upper part of the Nari group 
bands of marine fossils occur, containing G&j species, such as Ostrea multicostata 
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and Pecten subcorneus. The boundary between the two groups is consequently, to 
some extent, arbitrary. 

On the other hand, Mr. Fedden has observed at one spot on the west side 
of the Laki range, a few ’ miles from the northern extremity of the range near 
Sehwjin, distinct unconformity between the upper and lower Nari groups, the 
sandstones forming the higher portion of the group * resting upon the denuded 
edges of the brown limestones composing the lower sub-division. This is an 
excellent example of the manner in which the sub-divisions of the tertiary series 
change, the groups of one locality passing into each other, and new breaks oc- 
curring. It should be remembered that the Nari beds are entirely wanting east 
of the Laki range, and Manchhars, with, in places, a thin representative of the 
GAj beds at their base, rest unconformably on Khirthars. 

Go# group . — There is but little to hdd to the general description of this 
group also. A measured section of the beds on the Gaj river, where they are 
especially exposed, shows that the^- whole thickness of the group is but little less 
than 1,500 feet at that spot. To the northward the thickness of the Gaj beds 
must be less, and it is probably smaller in lower Sind also. On the G4j the 
greater part of the whole thickness consists of sandy shales and clays, with 
gypsum, the hard limestone beds, though far more conspicuous, being only 
subordinate. In the Habb valley however, where the G4j beds form exten- 
sive plateaus, surrounded by scarps in which the rocks of the group are well 
exposed, the mass of the Gaj strata appears to consist pf limestone, and the 
boundary between them and the Nari, with which, as has just been noticed, 
bands containing Gaj fossils are interstratified, has been drawn at the base of the 
limestones. At one spot, a thickness of 500 feet, entirely composed of limestone, 
was measured (by aneroid) at the base of the group, and this thiokneBS seems 
to include the greater portion of the Gaj strata in this locality. * 

It has already been ^nentioned that the supposed unconformity between the 
G4j and Nari groups west of Sehwan at Tandra Rahim Khan proves, on further 
examination, to be doubtful. But the Gaj group in the country south of Sehw4n 
completely overlaps the Nari in places, and rests upon Khirthar beds. In this 
country, however, the Gaj* itself is but poorly represented, and frequently is 
either entirely wanting, or appears as merely a thin band at the base of the 
Manchhar group. * 

The passage from G4j to Manchhar, despite the unconformity shown by over- 
lap, and the presence of G4j pebbles in Manchhar beds, is locally just as complete 
as any of the other cases of transition already mentioned. In the paper pub- 
lished in 1876, the transition beds containing estuarine shells in the Khirthar 
: range were mentioned. Some of the estuarine shells are by no means confined 
to this belt } Gorbula trigonaMs, for instance, occurs in beds near the base of the 
G4j 'group, and has also been found in one band in Manchhar rocks, about 300 or 
400 feet aboye the top of the G4j. As will be shown presently, there is in 
the neighbourhood of Kar4chi even stronger evidence of the close connection 
"between Manchhar and Gaj beds. 

Although the number of Gaj fossils have been somewhat increased, the 
additions have been less extensive than in the cape of many of the other groups. 
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Amongst the most important additions are, Vicarya vemeuili , found by Mr. Fe'dden 
in some of the upper beds of the Gaj section ; . a small crab, Typilobus grants 
loans , originally described by Dr. Stoliczka from Cutch , 1 and several of the corals 
described by Professor Martin Duncan in 1864. All tend to support the opinion 
that the G&j beds are miocene, and rather upper than lower miocene. 

* 

1 

Manchhar group . — The additions to our knowledge of this group are of more 
importance. Some of the most interesting have been already noticed in these 
“ Records ” and in the “ Palseontologia Indica ” in the shape of descriptions by 
Mr. Lydekker 2 of the mammalian remains obtained by Mr. Fedden and myself. 
During the last season that 1 was engaged in Sind, Hira Lai, one of the native 
assistants of the Survey, was attached to my camp, and he succeeded in finding 
a considerable number of specimens, chiefly small fragments, but including 
several teeth. Some Baluch shepherds also, living along the Laki range, were 
induced to collect, and altogether, although the bones and teeth are rare, and 
but* few of those found are recognizable, sufficient material was collected to 
enable a considerable number of species to be identified by Mr. Lydekker. The 
comparison of these with the comparatively well known Siwalik fauna has 
shown a striking difference ; most of the species toeing different, and the general 
facies of the Manchhar fauna being much older. This distinction is, I think, 
explained by the geology. 

The possibility of a sub-division of the Manchhar group was noticed in 1876. 3 
Although it is very difficult to draw an absolute line' of separation, there can 
now be no doubt that the Manchhars may be divided, somewhat roughly it is 
true, into an upper and a lower sub-group. The lower consists mainly of the 
characteristic grey sandstone, with occasional red sandstones, and, towards the 
base, brown or grey and red clays 5 the latter, however, are of small thickness 
compared with similar beds in the upper sub-group. Conglomeratic bands are 
common, and are frequently ossiferous, but they chiefly contain nodules of clay 
and soft sandstone, and no nummulitic limestone pebbles have been detected in 
them. It is from these beds that nearly all the mammalian fossils found in 
the Khirthar range have been derived. 

The upper sub-group, where it is best seen in the northern .portion of the 
Khirthar range, is thicker than the lower, and consists principally of beds of orange 
and brown clay, with subordinate bands of sandstone and conglomerate. The 
sandstones are usually light brown, but occasionally grey beds occur, like those 
characteristic of the lower sub-division. The highest part of the formation 
contains more sandstone and conglomerate, and the whole is capped by the massive 
conglomerate, which forms the ridge extending along the edge of the Indus 
alluvium. These conglomerates ef the upper Manchhars differ from those of 
the lower by containing pebbles of nummulitic and Graj limestone. Bones 
are rare, and only a few fragments, too imperfect for identification, have been 
found. 

1 Pal. Ind., Ser. VII, p. 15, PI. Ill, figs. 3—5. 

2 Rec. G*S. I., IX, pp. 91, 98, 106 ; ^C, pp. 76, 83, 2 25; XI, pp. 65, 76, 77. 79, Ac. j Pal. Ind., 
Ser. X, pt. 2. 

* Rec. G. S. I., IX, p. 17. 
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Xii lower Sind, whence a large proportion of the mammalian remains have 
been procured, this sub-division of the Manchhars has not been traced ; the 
beds are poorly exposed, and it is by no means clear that in this ground, where 
the lowest Manchhars rest unconformably on the Khirihars, the two sub-divisions 
can, be distinguished by the presence or absence of nummulitic limestone pebbles. 
Several of the fossil forms, however, are identical with those found in the lower 
Manchhars to the northward, and there can be no reasonable doubt that the 
fossiliferous beds are on the same horizon. That the Manchhar beds are 'pro- 
bably much less developed in lower than in upper Sind is shown by the circum- 
stance that the section of the group, which can scarcely comprise less than 

8.000 to 9,000 feet of beds, west of Larkana and Mehar, has diminished to about 

3.000 feet at Tandra Kahim Khan, west of Sehwan. The principal localities 

for fossils are near the Graj, where mammalian remains were first found by 
Vicary, and whence Mr. Fedden obtained several good specimens in 1876. 
Bones have also been found more recently on both sides of the Laki range, 
south of Sehwan. f 

It has akeady been mentioned that an estuarine bed is found at one place 
some 300 or 400 feet above the base of the Manchhars. This is near the Nari 
Nai, north-west of Sdhwan. • In lower Sind, and especially near Karachi, 
marine or estuarine bands containing oysters and other shells become of fre- 
quent occurrence in the Manchhar beds, and some of these bands contain Gaj 
fossils; so that there is to the southward the same transition between Nari 
and Graj which has already been shown to take place between all the other 
tertiary groups. It is clear that the lower Manchhars are of the same age as the 
Gaj beds, and if, as appears certain, the latter are Miocene, the lower Manchhars 
may be considered as upper Miocene. 

This view is in accordance with the fauna, which includes only three living 
genera, Rhinoceros , 8m, and Mams ; the generic identification in the last case is 
doubtful, being founded on a single phalange, and both the other forms existed 
in Miocene times. Besides these, Amphicyon , Anthracotherium , Hyopotamus , 
Hyotherium, some new genera related to Merycopotamus, and Binothepium, are 
found in the Manclihafr beds, but not in the Siwaliks, whilst the living types, 
Semnopithecus , Macacus , Felis, Hyana TJrsus , Gervus , Bos, Gwpra, Camelns, Camelo- 
pardalis, Equus, Elephas, &c., which abound in the Siwaliks, have not been found 
in the Manchhar beds, so that? although several species, such as Rhinoceros palwin- 
dicus, " Acerotherium perim&nse, Chalieotherium sivalense, Sus hysudricm, and two 
species of Mastodon , are common to the two, the presence of the much larger 
number of extinct forms, most of which are typically miocene in Europe, and the 
paucity Of living genera, stamps the Manchhar fauna as of earlier date than the 
Siwalik. 

Now* the Manchhar fauna, as has just ’ been shown, occurs in the lowest 
Manchhar beds, whilst the Siwalik species are from the upper portion of the 
gpfep. . It is therefore* far from improbable that the upper Manchhars repre- 
sent the Siwaliks. The lower Manchhars may represent the Ndhans of the 
Sdb-Himalayas, or some of the lower portions of the Siwaliks themselves. The 
great distinction between the Manchhar and Siwalik fauna supports Mr. Lydckker’s 
opinion, that the latter is of Pliocene age. 



fart 2. ] ■ Stanford : On the Geology of Sind. *1 73 

Nothing more has unfortunately been determined as to the relations between 
the Mancbhar and Makrjin groups. The former has not been traced to the west 
of Cape Monze, near Karachi ; at least no such rock could be detected during a 
traverse of the coast as far as Sonmiani made for the purpose of endeavouring to 
trace the connexion between the two formations. The Makran group, on the 
other hand, appears not to extend much to the eastward of Hinglaj, so that there 
is a break between the two of the whole breadth of Sonmiani bay — GO or 70 miles 
at least. Some of the Manchhar beds near Karachi closely resemble certain 
strata in the Makran group, but the typical whitish marls of the latter have not 
been noticed in Sind. 

General sequence of tertiary beds in Sind . — We have thus in Sind a great 
sequence of later mesezoic and tertiary rocks, in which, despite the evidence of 
great changes in the conditions under which they were deposited, and despite 
local unconformities, there is no proof of any general break in the sequence 
throughout the province. In some places, tys in the Laki hills, where upper 
Miocene Manchhars rest unconformably upon middle Eocene Khirthars, there is 
no question that elevation, and in all probability denudation, took place in the in- 
terval between the two formations, but elsewhere, a? to th£ westward in the Habb 
valley, and to the northward on the flanks of the Kliirthar, the break which 
exists in the Laki hills is represented by an uninterrupted sequence of the Nari 
and Gaj groups. At the close of the tertiary period, however, there is a great 
break, and the latest Manchhar (Pliocene) conglomerates are as constantly turned 
on end along the edge of the Indus alluvium as the very similar Siwalik con- 
glomerates are in the Punjab. 

The lower portion of the Ranikot beds, the upper Naris, and the Manchhars 
must have been deposited near land, for they contain terrestrial organisms, and all 
are probably flnviatile deposits ; whilst the upper Ranikot, Khirthar, lower Nari 
and (jiaj beds arc clearly marine. Of all the marine beds, the Khirthar num- 
mulitic limestone is the most important, and it is, as a rule, remarkably free from 
admixture of sand or other indications of the neighbourhood of land, but, as has 
been shown, this limestone is intercalated with sandstones and shales in lower 
Sind, and it entirely disappears in the south-western part of the province near 
the Habb river. The Gaj beds, on the other hand, are interstratified with sand- 
stones and shales in the northern part of the province, but have a much mpre 
distinctly marine aspect to the southward, where limestones prevail. It is pre- 
mature to reason broadly as to the changes gn the distribution of land and w T ater 
during the tertiary period until the rocks of Baluchistan are better known ; all 
that can be done now is to point out the leading facts connected with the evidence 
.afforded by the rocks in Sind itself; but it is impossible to avoid calling attention 
to the much greater prevalence of marine conditions during later Eocene and 
Miocene times in Sind tlianinthe Punjab area to the northward, where no marine 
beds of later date than the nummulitic limestone have hitherto been detected. 
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On the Origin of the Kumaun Lakes by V. Ball, M.A., F.G.S., 
Geological Survey of India . 

Tn so far as the outer and lower ranges of the Himalayas are concerned, the 
group or series of lakes described in the following pages is in several respects 
quite unique. 

To many out of the thousands who have visited the beautiful part of the 
country where these lakes are situated, the question of their origin must 'have 
presented itself. Doubtless, it is in consequence of the difficulties which sur- 
round the subject, that no one has ventured to publish his observations and 
deductions in full. 

To Mr. H. F. Blauford, I believe, belongs the credit of having first 1 suggested 
in print? an origin for them. But the subject has often been discussed, and 
three or four years ago it .was specially commended to my notice by one who 
frequently visited Naim Tal, and whose acquaintance with the Alps ^and 
the literature of the subject led l}im to suspect that that lake might possibly 
have been excavated by an ancient glacier. 

Gould I foresee within the next few years any prospect of my being able to 
carry on my examination a? the ground, I should not have presented this 
unfinished sk etch ; but as 1 do not do so, I think the publication of the facts here 
given desirable, as it may facilitate the speedy final solution of the question, and 
may also have the advantage of eliciting the opinions of experienced glacialists, 
who are unable to visit tile locality for themselves. , 

During a recent visit to Naini Tal, I had hoped to have been able to have 
prepared a detailed geological map of the neighbourhood of the lakes, but ciy- 
v cumstances beyond my control arose, which diminished my time for exploration 
by two-thircjs. Though the area is not extensive, the complex and disturbed 
nature of the 'beds renders their true appreciation and demarcation a by no 
means easy task. Owing to landslips, and the fact of so large a portion of 
the basin of Naim Tal being built over, the accurate mapping of individual beds 
and of the trap will require much time to accomplish. 

Of the age of the unfossiliferous metamorphosed schists in which the 
lakes occur nothing is certainly known. In the account of the Geology of 
Kumaun and Garhwal by Mr. H. B. Medlicott 3 will be found such information 
m exists on the subject. Some casual observations on the geology which bear 
upon the physical origin of the lakes will be found in their places below ; other- 
wise there is no intention of giving a detailed account of the stratigraphy in 
this paper. Besides the map on the scale of one inch to a mile, shewing the 
relative posit^ni of all the lakes, it has been considered advisable to give with 
$$9 paper^'k>py of the large scale map of Naim Tal, which indicates very beau- 
, fidelity the physical structure of the neighbourhood. 

^■1...,. 'n>P ^ 

■V -f Straohey's remark, that an outburst of amygdaloidal trap “ is associated with 

small lakes/* is intended to be read as implying cause and effect.— Quar. 

Soc. t Bengal, January 1877, p. 8. 

N*W„ Province* Gazetteer, edited by E. Atkinson, Esq., C.S. 
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This series of Tails or lakes is included in the Chhakata pargana of Kumaun. 1 * 
They are by no means all of equal size or importance. They seem, however, to 
fall naturally into three classes, the members of each class having certain features 
mutually in common. So arranged, they would stand as follows : — 

Glass I. — Naini, Bhim, Malwa. 

„ II. — Naukachia, Sat. 

,, III. — Kurpa, Dhobie, Saria, Sukha, Khoorea, &c. 

Naini Ti^— This lake, so called after a Hindu goddess, is situated about 
10 miles in from the southern slope of the hills. It lies at the bottom of a valley, 
which runs about north-west south-east, and is surrounded on all sides, except 
at the outfall on the south-east, by lofty ridges, which serve to give an unusual 
amount of definition to the limits of the catchment area. 

The greatest length of the lake itself is 4,703 feet, the maximum breadth 
1,518 feet, 3 and the elevation of the surface at high water about 6,409 feet above 
the sea- The principal peaks on the encircling ridges are Luria Kanta, 8,144 
feet; Sher-ki-danda ; Ulma; China, 8,568 3 ; Deopathar, 7,989 ; Iarpathar, 7,721. 

The China (Checna) portion of the ridge at the head or north-west end of the 
valley is steeply scarped above, with an undercliff mUch concealed by talus brought 
down by landslips. It consists chiefly of shales, with which there are some quart- 
zites, and, towards the crest, there are limestones, which, so far as is clearly seen, 
may partake either of the nature of beds or veins. Pacing hence round by north 
to south-east the ridge is mainly formed of shales and argillaceous schists, which 
are much contorted and broken ; but the prevailing dip is probably to south-west, 
the beds striking with the direction of the ridge. An obscurely seen trap-dyke 
seems to observe the same course. To these two facts, the dip of the beds and 
the existence of the rigid trap axis, the present form of the slope is, I believe, 
under the influence of subaerial denudation, to be attributed; and not to the 
“friction of a glacier,” as has been suggested by Mr. Blanford (l. c.). 

It is true that there are no “ subordinate ridges and spurs,” but such is not 
uncommonly found to be the case where valleys run with the strike between hard 
beds bounding softer ones, which have been eroded to form the valleys. 

Towards the end of the ridge, overhanging the Dep6t, limestones, which 
are clearly seen in section to occur as irregular lenticular masses, not as beds, 
become somewhat abundant. I shall have to refer to them again presently. The 
range, on the south-west of the valley of which Iarpathar and Deopathar are 
the culminating peaks, is formed of massive limestones, the bedding of which 
is generally very obscure. There is also some trap, the combined rocks giving a 
veiy rigid and steep outline to the range, which contrasts most strikingly with that 
on the north. 

1 Excepting Malwa Tal, which is just outside the boundary. 

9 These figures are taken from a small table in the N.-W. Provinces Gazetteer, Article 
*< Kumaun.” 

* The highest point is somewhat in c&cess of this elevation, which is that of the peak nearest 
to the lake. 
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All the rocks of this basin, whether shales or limestones, are singularly 
unstated to the retention of the minor glacial marks ; and if glaciation did take 
place, it may be from this cause that no such traces are now v found. 

From an inspeotion of the large scale map, it will be at once apparent that 
the head of the valley has very much the form of a 1 cirque, * as defined by 
Mr. Helland, 1 who argues with considerable force that the cirques of Norway 
and Greenland are due to' glaciers. Mr. Bonney, 8 on the other hand, describes 
■ Alpine cirques, which he believes to be formed by streamlets pouring dowA the 
sides. It* has often been remarked how some forms of our ^st dian alluvia 
under the operation of heavy rainfalls exhibit in miniature many of the forms 
of denudation and erosion. Among these forms, cirques and cirque valleys are 
not uhfreqnently met with. Invariably, they are due not to* denuding action 
from above, but to subterranean springs or streams. To^a similar cause' may, 
I think, be attributed cirque-like valleys in rocks formed of lodfee shales and, 
to some extent, even those where the rocks are limestones. 

.The accompanying section of tjie bed of the lake indicates a state of things 
very different from what mighty have perhaps been anticipated, but, however the 
lake has been formed, explanations to account for the peculiarity about to be 
described can be suggested. r 

The soundings from which this section has been plotted have been taken 
from the Revenue Survey map on the scale of ten inches to a mile. In some 
cases the exact character of the bottom is given, but not in all. A knowledge of 
this character no doubt, a very great desideratum for tlje discussion of this 
question. It would bo especially desirable to know the nature of the bottom all 
across the lake transversely to this line at the point where the shallowest sound- 
ing occurs. As* represented in the section, the lake consists of two basins, with 
the maximum depth nearly centrically situated in each case. They are separated 
by what appears to be a barrier. If it really be so, then it would lend consider- 
able support ttfShe glacial hypothesis. Indeed, if consisting of rock in situ , it 
would fairly prove the existence of a true rock basin, thus furnishing a strong 
argument in favor of the glacial origin. Supposing it to be so, the twin basins 
might be readily explained by the hypothesis that they fyad been successively 
excavated by the retreating end of a glacie|fe Unfortunately the case is not 
susceptible of so simple an explanation, as the shallow sounding may be caused, 
not by a barrier, but by a mere hummock, which, if (as is possible, so far as is 
certaiqly known at present) occurring isolated by deep channels from the margins 
of the lake, would be on the other hand a strong argument against the glacial 
, origin, as such an obstruction must assuredly have been swept away by a glacier 
capable of scooping out the deeper hollows. Still another view of the nature 
rbf thc barrier or hummock, be it which it may, is possible. It may be that it is 
Aot l^^y formed of rock in situ , but is merely the remnant of an ancient 


' ' v M Cirques are large spaces excavated from the solid rock, bounded on three sides by nn 

> |#Sjfa«i©*t 'sarmdv indrical steep mountain wall, and with a tolerably flat floor.”— Quar. Jour., Gool. 

; , * In making these remarks, I labour under the disadvantage of being in camp, away from 

; , oppcTtnnities of reference to ik r. Bouney's papers. 
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In the present state of our knowledge, therefore, no certain conclusion can be 
drawn from it. But^the peculiar character of the basin still remains a subject 
for soma speculation, the more particularly so when it is remembered that the 
operations of the present day must tend steadily to obliterate those features by 
the deposition of silt in the hollows. 

Passing from the lake itself to examine the nature of the barrier at the out* 
fal^we find that it is formed df a confused mass of debris, in which some very 
large* rock masses, some of them .ten feet in diameter, occur. Following down 
the bed of the stream, rqck in situ is not met with till near the waterfall, or 
at a level which must . be considerably below that of the bottom of the lake 
where deepest. I had neither the time nor means for actually ascertaining the 
elevation of the exact point where rock m situ is first met with in the stream. 
But it is an important point to be determined. The result would, I feel confi- 
dent, completely dispose of any belief in the existence of a rock basin.* 

5Jr. Blanford (l. c.), though he does not expressly state his belief that the 
large blocks of stone are erratips, suggests that they may be derived .from the 
limestone at the ridge at the head of the valley (Deopathar). He states that 
his “ impression was that the lake was closed by a morraine.” The source of 
these blocks I believe to be much closer at hand. In 'great part they have, 
I think, simply tumbled down from the Iarpathar ridge and its eastern prolonga- 
tion, where not only is similar rock to be seen in situ , but similar detached blocks 
are found on the slopes ; one remarkably fine example being seen in the compound 
of Welham house. Others, on the other hand, may* have fallen from the ridge 
to the north of the depot, where the already described lenticular masses of lime- 
stone occur. The remainder may, I think, have simply been eroded from their 
envelopment of shales at, or very close to, the positions where they are now found. 
Though it is convenient to speak here of these blocks collectively as limestones, 
they vary much in character, and some are highly indurated, but only slightly 
calcareous, mud stones. From these varying characters**** fiiay be possible, 
hereafter, to trace their origin individually with considerable accuracy. As to 
the other characters of the debris at the outfall, I in vain searched in it for 
evidence of a glacial origin, and am unable to point to any feature .which is in- 
consistent with the idea of its having been formed by a landslip. 

Further down the valley, near Joli, some 3,000 feet .or so below Naini Tab 
I observed, when on the road to Ranibagh, that the river has cut through an 
accumulation of boulders and finer debris to a depth of 200 feet or so, which at the 
time seemed to mo as possibly of morraine origin. On reading Mr. Campbell’s 
opinion of the same kind of deposit near Kalka, which I have also seen, I 
fear it would require stronger facts than I am in possession of to prove it other 
than diluvial. I merely mention it here in order to draw attention to the fact 
of its existence, with a view to its future examination. ‘ 

Bhim 1 Tal.— T his lake is situated about 6 miles, iu a direct line, to the east- 

* 

south-east of Naini Tab Its elevation is about 4,500 feet above the sea, or 
1,900 feet lower than Naini Tal. It lies at the bottom of a valley between two 
ranges, which strike from north-wfjst to south-east. The northern one is largely 

So called after Bhim, Shib or Muhadoo, to whom there is a temple. 
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made up of greenstone, which I traced from the neighbourhood of Bhuwali, 
through Bhim Tal, up to Malwa Tal. According to General Strachey’s geological 
jnap, a continuation of the same outburst extends northward* up to Bhujan on the 
Kosi. The southern range consists chiefly of quartzites and shales, and* rises to 
a height of 1,300 feet above the lake. 

At the entrance to the lake, in the very throat of the gorge, occurs a small 
hill, about 80 or 100 feet high, which deflects the in-flowing stream, and the 
existence of which, if it really is, as it appears to* be, a stable prolongation of a 
spur, presents a serious obstacle in the way of a glacial theoiy. No onb can 
deny, I think, that a glacier capable of scooping out the lake could not have 
passed over, or on one side of, such an obstruction. 

The determination of the fact, whether this hill consists, and to -what extent, 
of rocks in. situ, is a point, I believe, of crucial ' importance in this enquiry. 
Bearing in mind the vast size of the landslips which take place in this region, 
no one should hastily venture an opinion on such a point. My examination of 
the ground was of too cursory a nature to admit of my coming to a final deor'sion. 

The ifiaximum dimensions of this lake are, length 5,580 feet, breadth 1,490 
feet, and depth 87 feet. It is, therefore, the largest, but the shallowest, 1 of all 
the series herein described. 

Whether it be a historical fact or not I cannot say ; but it is clearly, I think, 
a fact that the present outlet of the lake was not the original one. The waters 
now only escape through a sluice close to the temple, which is situated about 
midway on the eastern f side ; bnt that originally the water found its way out 
at the southern end, an inspection of the map alone is almost sufficient to 
determine. 

This southern end is now stopped up by what appears to be the debris of a 
landslip. I was unable to exartrine the valley below, and the position and elevation 
of the highest rocks there remain to be determined. At the present outfall, 
the rocks in sihi are apparently at a higher level than *the bottom of the lake ; 
but this, if it bcTftbfl^JLse, is a fact of no importance, if my supposition as to the 
position of the original outfall be correct. 

Towards the southern end of the lake, on the eastern side, there is a boulder 
deposit, which extends along the bank up to, a level of perhaps 10 feet above the 
water. The rounded blocks which it includes were possibly rounded by the 
waters of the lake when they stood at a higher level, hut its appearance suggests 
a morraine origin. The mos£ remarkable feature about it, however, is, that it is 
backed by no high range on the east, so that, if derived from a landslip, the 
materials must have come from the west, and, of necessity, temporarily filled up a 
portion of the bed of the lake. As elsewhere, my examination here was very 
hurried, and I therefore commend this deposit to the notice of future visitors. 

Malwa Tal.— This lake is situated about five miles, in a direct line, to the 
east of Bhim Tal ; it lies in a deep valley, which strikes north-west and south-east, 
ahd is traversed by the Kalsa river, a tributary of the Gola. 2 

* SaNtaJ being excepted as regards depth. C . 

, *. Jl is perhaps worthy of note that the drainage of all these lakes is into the Gola river. 
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The elevations of the parallel bounding ranges on the north-east and south- 
west average upwards of 3,000 feet above the level of the lake, the height of 
which above the sea has been approximately estimated at 3,400 feet. 

The range on the north is formed chiefly of white and purple quartzites, with 
which there are some slates and shales. The dip of these beds is variablo, but 
north-west at a low angle seems to be the prevailing direction. Much of the 
higher face of this rangd is steeply scarped, but landslips abound, and have, to a 
great 1 extent, concealed the character of the lower portions. 

The range on the south consists primarily of an axis of greenstone, which 
stretches continuously hence from the neighbourhood of Bliirn Tab Associated 
with this greenstone are quartzites and shales, the beds in immediate contact 
often showing signs of much alteration and induration. Occasionally the effect 
of the former has been such as to cause the affected beds to assimilate to the 
characters of the greenstone, and to be almost inseparable from it, by more examin- 
atum^of their outward lithological structure. • 

What the exact nature of the physical relations of this greenstonclmay be, 
has not yet been fully ascertained ; but that it ddas not exist merely as a single 
simple dyke is amply testified by the fact that branches from it cross the valley 
at both ends of the lake, and are cut through by the Unfailing and outf ailing 
streams. 

At the head of the lake is a boulder bed through which the river cuts to a 
depth of eight or ten feet. This deposit consists chiefly ,of subangular fragments 
of trap and quartzite. At first I was inclined to attribute it to the effects of a 
retreating morraine. Temporarily this view was supported by the discovery of 
boulders of granite and gneiss— no known source for which exists within the 
present drainage limits of the Kalsa. It was impossible, however, to overlook 
the fact that there were no signs of polishing on any of the blocks, and that those 
which have come furthest (the granite, Ac.) are well rounded and water- worn. 
Taking into consideration the professedly general characte*y*sl the only existing 
geological map, it would be clearly unsafe to adopt the view that no source for 
these boulders exists within the watershed ; and this the more especially as in 
the adjoining basin of the Gola on the north the occurrence of gneiss and granite 
is indicated on the map. 

The importance’ of determining the source from whence these boulders .have 
been derived is sufficiently obvious. If they hav& not come from within the 
limits of this catchment basin, then indeed it might bo necessary to invoke the 
aid of an ice cap to account for their transport; but in the meantime it is 
impossible to assert that this accumulation of boulders at the mouth of the gorge 
is other than a delta of diluvial origin. 

Now as to the character of the lake i'tself. Its maximum dimensions are, 
length 4,480 feet, width 1,833 feet, and depth 127 feet. Unfortunately, as was 
the case with Bhim Tal, no series of soundings are available, and the form of the 
basin is, therefore, uncertain. . The bounding ranges and their slopes, however, 
indicate the V (river) rather than the (glacial) type of valley denudation. 

Looking up the lake towards thS course of the stream, the view just beyond 
the gorge is quite shut out by projecting spurs, which a glacier, could have scarce- 
ly failed to modify, if not rejnove. 
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At the outfall, no rocks are 'seen in situ. The barrier, now modified by a 
sluice, appears to be mainly formed of debris thrown down by landslips. The, 
first rock which I detected in situ in the bed of the stream was the already men- 
tioned greenstone, which will, I believe, prove to be at a lower level than the bot- 
tom of the lake. * 

As I only had a single day to spend at this lake, I was unable to exa- 
mine the characters of the wide and unusually straight valley below the 
village of Malwa Tal ( vide map ) ; its examination may throw some light on Ahe 
subject. 

Nattkachia Tal. — This curiously irregular-shaped lake has received its name 
from its nine corners. It is situated about one mile and a half to the south-east 
of Bhim Tal. It occupies a hollow on the slope, and is surrounded by low 
hillocks, not by pairs of distinct ranges, as are the previously described 
lakes. * . . 

With, a very narrow outfall on the north-west, its appearance, as seen fiqpm a 
mile distant, suggested its being little more than a shallow pond. And it did not 
seem to me to be advisable to entail my already too short time at the other lakes 
by paying it a special visit. On returning to Naini Tal, I found, very much to 
my astonishment, that Its depth is recorded at 132 feet, thus being the deepest 
of the series. If this be the correct depth, it renders the lake one of the most 
singular of all. Its shape, the nature of its surroundings, and the narrow wind- 
ing course of the outfall, t all seem inconsistent with the view that it is of glacial 
origin. 

Its length is given at 3,120 feet, its breadth 2,270 feet, and its approximate 
elevation above the sea 4,000 feet. 

Sat Tal. — The so-called Sat Tal, or seven lakes, are situated about the same 
distance to the west of Bhim Tal that Naukachia is to the south-east. They are 
surrounded oifMl*sid<^by steep hills, a narrow valley, 100 yards wide* at the out- 
fall of the principal lake serving to carry off the drainage. What' the maximum 
depth may be, I do not know ; but two soundings, which I took in the western 
arm of the principal lake, gave depths of about 58 feet. The artificial dam and 
sluice somewhat increases this depth over what it would be naturally. 

At the outfall there is a landslip, and I do not think any rocks are seen in 
situ till a much lower elevation is reached than 58 feet below water-level. 

It is scarcely probable that this group of the seven lakes was in . any way 
formed by glaciers. 1 have seen in parts of the Central Provinces, where no 
question of glaciers can arise, denuded hollows among hills, which, if closed by 
landslips, would form very similar lakes. 

Since writing the above, I have received from Mr. Yule, of Bhim Tal, the 
accompanying plan of soundings, which lie has kindly taken in the principal of 
the Sat Tal at my request. 

When it is remembered that this curiously shaped lake has but one narrow 
outlet, and that it is otherwise surrounded on all sides by hills, but without 
any considerable catchment area for a glacier* to be formed and fed, the diffi- 
culty in the, way of r a glacial theory of origin becomes strikingly apparent. - 
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The maximum depth, it will be seen, is given by Mr. Yule as 61 § feet, so, that 
1 must have failed to hit off the deepest part. 

Of the smaller lakes enumerated above under class IT I, I have nothing to 
say at present. They have not yet been specially examined. Very possibly, there 
may be in connection with them various points of interest to be yet discovered. 

Conclusions. — Reviewing the whole of the facts which are enumerated above 
in Reference to each of the lakes, and considering the limited zone in which they 
occur — the probability that they are all the result of one general series of operations 
impresses itself as being an hypothesis of primary importance. If one of the lakes 
then exhibits indications which seem to connect it with ono particular modo of 
origin, while others of the lakes do not show such or similar indications, it becomes 
all-important to submit the former to the severest scrutiny. In this way, I think, 
the appearances suggestive, of a glacial origin, which are perhaps strongest in 
the case of Kami Tal, lose much of their force when we find that other- lakes exist 
of generally similar character, but in which the special indications ara wanting. 
In the single character of the outfall barriers* all the lakes agree ; opinions may 
differ as to the origin of these barriers^ whether %?iey arc remnants of morraines, 
or have been formed by landslips ; but it is almost certain 1 that not one of them 
consists in any degree of rock in situ , and we therefore have not the positive aid 
of a rock basin to determine a conclusion. 

There is one point geologically which links the three larger lakes together, and 
tliat is the occurrence of trap dykes in the vicinity of each. Now, I do not think 
it at’ all probable that the lakes are due to the original outburst of trap. Indeed, 
the above described fact in reference to Malwa Tal, where both the inflowing and 
outflowing streams cut through trap, renders such a view untenable. But it seems 
not improbable that, when the great upheaval and disturbance of the rocks of 
this area took place, the existence of comparatively rigid lines of trap may have 
been largely instrumental in determining the form which the sijfface assumed, 
and tliat on their flanks the Boft shales, &c., may have^SSn so much crushed 
and broken, as to yield more easily to the subsequent operations of denudation, 
thus affording an abundant supply of material for landslips, which ultimately 
served to close the valleys, and form the lakes. 2 * * * * Or even supposing the outburst 
of trap to have accompanied the upheaval and disturbance, its effect in deter- 
mining the subsequently established lines of denudation could not fail to make 
itself felt. ", * 

This explanation, in part suggested by Mr. Medlicott’s observations in his 
well known paper on the Alps and Himalayas, 8 seems to me more in accordance 
with the known facts regarding the whole series of lakos, than any glacial theory 
can be. 


1 Careful levelling can only decide tins point. 

2 It is possible that the basin of Naini Tal may be connected' with gome local faulting, the 

existence of which is implied by the sulphur spring at the outfall. That a fault occurs all along 

the centre of the valley is, however, scarcely probable, as, did one exist, it would show in the scarp 

of China, the beds forming which appear* to be continuous across the head of the valley. 

a 4Quar. Jour., Geol. Soc., February 3868. 
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Before commencing examination, I was myself inclined to believe in the prob- 
ability of a glacial origin ; but as my observations have accumulated, I have been 
constrained to adopt the view, that the balance of evidence available at present 
is against such an explanation. At the same time, 1 have indicated that there 
still remain several points for determination, which are of almost crucial import- 
ance. Future observers Will, probably, give a large portion of their attention 
to some of these questions, and, with the aid of the maps, soundings, &c., here 
given; will be able to add considerably to the above data, thus affording fufler 
material, by which it is to be hoped a Bound and Btable conclusion may be finally 
arrived at. 

I have only to add that it appears unadvisable at present to refer particu- 
larly here to the debated question, as to the evidence of the former existence of 
glaciers at low elevations in Kangra and elsewhere. 

For the present, the two series of observations Had best, perhaps, be kept 
quite separate, but their ultimate connection and relationship is, of course, ^one 
the less ol*Vious. 

-ic>- 


Notk on a trip over the Milam Pass, Kumaon, by Theodore W. II. Hughes, 
A.R.S.M. F.G.S., Geological Survey of India , with a inscription of the 
fossils BY Dr. Waagen, formerly Paleontologist to the Survey . 

Early in August^lB 73, vm opportunity being afforded to spend a few weeks 
in Tibet and the higher regions of tlie Himalayas, my colleague, Mr. Hacket, 
and I undertook to strike across from Aim ora to Milam, and return by the Niti 
pass. I had once before, in 1869, been through the Milam pass, but I was so 
distressed by constant pains when at high elevations, that I made no observations 
worth recording. A judicious preparatory training enabled me on the present 
occasion ife ente* thg^lists, and fight with fair success, against the trials of high- 
region travelling, and my note-book was brought more into requisition. 

The time of year at which we started was too unfavourable to make any 
other than road-side observations among the lower hills. We were in almost 
constant rain during our first ten marches, and, however enthusiastic our aspira- 
tions in the canse of geology at the outset of each day’s journey were, they could 
not withstand the depressing §ffect of recurring downpours of water, and we 
hurried to shelter as the most prudent course to pursue. It was not until we 
^reached the Bhdtia village of Rilk<5t, that we passed out of the region of 
rain; 


We were fortunate enough to secure a small collection of organic remains, 
which, on examination by Dr. Waagen, afforded evidence of the presence of 
several formations not hitherto detected in this region, and bringing the section 
here more into correspondence with the sequence of fossiliferous strata estab- 
lished by Dr. Stolicaska in the North-Western Himalayas. To this extent our 
trip wa^ ^;^tisfactory one ; we failed, in that we made no attempt to fix accurately 
geblq^ical boundaries. % 

however, to reduce within narrow limits the debatable borderland 
^Jfossiiiferous end non-fossiliferous rocks, and certain localities can be 
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referred td their true palasozoic horizon. The main interest of this ‘paper is 
embodied in Dr. Waagen’s remarks; so, aftera brief account of the azoic region 
from Alm<5ra northward, I will quote them in full, adding a few comments of my 
own. 

We left Almdra on the afternoon of the 3rd August, and encamped for the 
evening at Takli, and on the following day got into 
Takii , da ar. B ages war, a distance of 30 miles from Almora. 

^he rocks traversed belonged to the metamorphic series, and consisted of 
quartzites and schists, a few slate bands and some lime* 
stones, with a general dip to the north. Good slates 
occur in the rise of the hill hear Billari, and capping the hill is a great mass of 
limestone. 

Where the road slopes to the Sarju river, .about four miles south of , Bageswar, 
soapstone appears. It cannot fail to be noticed in the 
“ rains,” from the circumstance that at ever^ step you 
take -down the hill, your feet slip from under you, unless gread care be 
exercised. * 

Between Bageswar and Kapkdt — the hext halting-place, 12 miles distant — 
similar rocks to those already passed over occur. An 
impure bed of graphite crops out in the left bank of 
the first tributary of the Sarju beyond Bageswar, where 
the roadway is carried over on a wooden bridge. 

From Kapkdt we went on to Shama, a distance of 13 miles. The road 
leaves the valley of the Sarju at its junction with the 
Rehra, and follows the course of the latter river. The 
rocks are of the. same character as those seen during the past marches, and have 
still their northerly dip. Deposits of recent limestone are very prevalent; 
and at Kliar-baggar, where the road to the Pindra glacier leaves the one we 
were travelling, there is a sulphureous spring. .» 

, Our march to Tezam was only 7 miles, but a great deal of climbing had to be 
done, and we did not arrive until the afternoon. In 
addition to the ordinary quartzites and schists, and super- 
ficial deposits of calcareous tufa which were very, numerous, there is a consider- 
able thickness of white dolomitic limestones, compact and 
Doiumitit luuestonc. very fine-grained. A spjendid cliff-section of them 

occurs at the mouth of the Jankiili river, which falls into the R&m- 
ganga, opposite Tezam. Another short journey of 4J miles brought us to 
Girgaon, situated high up a hillside. For the first 5 miles the road runs 
along the right bank of the Jankiili, and more dolo- 
mite is exposed. Near Girgaon talcose quartz-schists 
replace it. 

To Mfmshiari, 1 our next halting-place, was 8 miles. The route was a very 
trying one, owing to the number of heavy ascents and 
descents. For some way beyond Girgaon the most pro- 


Kapktft. 


Graphite. 


Shama. 


T6zam. 


Girgaon. 


Munshiari. 


1 Munshiari is not the name of a village, but the term applied to the whole of the villages that 
are clustered around lallat and Suring. 
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minent rocks are the ttdcoae quartz-Bchista ; but, beyond the ordinary break- 
^ating place, the name of which I have forgotten, highly gametiferouBmicaceouB 
schis ts are common, and garnets may be picked up in hundreds in little depres- 
sions and amongst the roots of trees and shrubs. 

We halted one day at Mtinshiari, in order to pay a visit to the localities 
whence are obtained the ovoid stalactites, sold as curiosities to travellers by the 
people of Mtinshiari. The guide took me down to the G6ri river, and pointed 
to places in the cliffs forming the banks, and said they were found there ; tfut I 
failed to procure any, and I question very much whether I was shown the right 
spots. • 

In the neighbourhood of Mtinshiari we began to ^notice a change in the 
character of the rocks ; and on our next march to Ltilam we 
rocks? 1180 in cha ^ actcr of Baw gome typical gneiss between Dalktit and Tala Dtimar ; 

dip north, at 25°. Opposite Tala Dtimfir black mica- 
I schists, in some instances highly garnetifcrous, and%horn- 

blende schists occur above the gneiss. 

Prom Lelam we marched# to Baghdtiar, and thence to Rilkot. The road 
keeps in the valley of the Goriganga, and a magnificent 
section is exposed of what Dr. Stoliczka terms his central 
gneiss. 1 It is traversed by granite veins, in the manner 

described by him. 

Still keeping to the valley of the Gtiriganga, our next halting-place was 
Btirfti, where we were forced to remain several days until 
a sufficient number of jabbtis (half-bred yaks) had been 
collected to carry our camp stores and equipage. Btirfti is beyond the ground of 
the central gneiss, and the rocks between it and Rilktit are quartzites, slates, 
and schists. Kear Tola I noticed an immense number of crystals of iron pyrites 
in almost all the beds that I examined. 

Our firs? disco very of a fossil was beyond the village of Milam, near Shilong, 
one of the halting-places of the Bhtitias, in some fine 
ShSoog foBSil f0nnd ne&r siheious sandstone. I think that the Strophomena aranea , 
Salter, which is the only silurian form in our collection, is 
the specimen referred to ; but I am not quite sure, the label having been lost. 
Along the remainder of our route to the snowy passes, and especially at the foot 
of tlnta Dhtira, we made several additions to our bag of fossils; and each 
day’s journey to the frontier, and through Tibet, enabled us to increase our 
stock. 


Ltilam. 


Baghdtiar; Rilk6t. 
Central gneiss. 


Btirfti, 


Dr. Waagen says of our collection : 

“ The fossils brought by Mr. Hughes from the Milam pass can be attributed 
to at least five formations, which are indicated with more or less certainty by 
the different species. I consider as very probably of creta- 
ceous t age some pieces of a flaggy yellowish grey lime- 
stone, filled with fragments of shells intermixed with entire specimens, which, 


Cretaceous loss Us. 


1 Memoirs, Geol. Sarv,, India, 1866, vol. V, page 12. 
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though the species could not be determined, yet, by the association of the genera, 
indicate with great probability the cretaceous formation. I worked out of those 
rock specimens—* 

“ Corbula, sp., allied to, perhaps identical with, 0 . cancellifera, Stol. ; as, how- 
ever, only one specimen has been found, the determination could not be made 
with sufficient certainty. 

“ Astarte, a middle-sized species, rather oblique in shape, with concentric folds 
neai^ tho apex, nearly smooth on the other parts of the shells; could not 
apparently be identified with any of the hitherto described species. This shell 
seems to fill whole bed? with hundreds of specimens. * 

“ Pectuncuhis, sp., If, flange, smooth, rounded shell, found among the Astarte.*. 
The species could not be determined, but the occurrence of this genus together 
with a true Astarte indicates nearly with certainty cretaceous beds. 

" Cucnllaea, sp., fragmentary. ^ 

"The jurassic formation is represented in the collection, by a \ tolerably 
, . # large number of fossil^, preserved much in the same way 

as those found in fepiti. 

" 1 determined — 

Belcmnitcs cf. Jcuntkotensis , Waagen (fragments of the guard). 

Oppelia acucincta , Strachey. 

Perisphinctes frequens, Opp. 

„ sp. ( triplicatus , Stol. non Sow.) 

,, sabineanus , Opp. 

„ Stanley i , Opp. 

„ sp. 

Stephanoceras ? wallichii , Gray. 

Cosmoceras theodori , Opp. 

„ oclagonus , Strachey. 

Aucella legtimwwsa , Stol. 

„ blan ford tana , Stol. 

„ sp. nov. 

Pecten , sp. 

. Uhynchonella, sp. (varians, Blanf. non Schlpth.) 

“ The genus to which Ammonites wall! chi, Gray, ^belongs is rather doubtful, as 
no sufficiently well-preserved specimen has been found to make this point certain. 
Perisphinctes stanleyi , Opp., is a very good species, and easy to distinguish 
•from Perisphinctes cautleyi and spitiensis , with which it has been identified. 
The now Amelia is a large rounded shell, with very few concentric striae, hut it 
is represented only by a single specimen. Nevertheless I thought it worth 
mentioning; as the occurrence of a new (a third) species in the Himalayan Jura 
shows yet more clearly the intermixture of European and North Asiatic types in 
these jurassic districts. In Kachh already species of the genus Aucella are exceed- 
ingly scarce, whilst north of Milam some of the rocks are filled with hundreds of 
Amelia leguminosa 

Almost all the Jurassic specimens just described are from the neighbourhood 
of Lapt61. They occur mostly iu concretions, in dark-looking slightly carbona- 
ceous shales, that constitute the most distinctive rocks of the formation. At 
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Lapt61 the shales overlie limestones, and they form a trough, which has a north- 
north-west south-south-east strike. They extend southward as far as the 
halting-place at the foot of the Kmgru gli&t. 

“ The different formations of the triassic period are very poorly represented 
in the collection, but nevertheless the materials are suffi- 
cient to state with all certainty the existence of these 
formations. To the upper Trias Very probably belong some hard, flaggy, jl ark- 
grey limestones, with millions of fragmentary shells imbedded. However, only 
on the weather-worn surfaces some species can be recognised, it being impossible 
t# get anything out of the interior of the rock. I am able to recognise one 
species of Monotis, and two species of Pectcns, on three 'different rock specimens. 
The only species determinable, however, is Rhynchonella austriaca , Suess. 

“ There are yet two other divisions of the Trias indicated by fossils in two 
different yinds of rock. The one is represented by two fragments of Amnjgnites 
of the gi£mp of Ammonites semipart itus. They are preserved as black nodules 
in a hard, dark-grey, silky, slaty^hale, which very likely belongs to the * Muschel- 
kalk’ formation. The other division of the Trias is indicated by a small 
specimen of a' badly preserved Geratite , somewhat like some species of the Salt 
Range, and thus possibly out of ' some ‘Bunter Sandstein ’ beds. The rock in 
which it is preserved is a hard, rod, crypto-crystalline limestone. 

“ These few fossils, though badly preserved, and specifically not determinable, 
yet show beyond a doubt the existence of a rather complicated group of triassic 
rocks.” 

There are two geographical zones of this and the underlying scries, one 
being south of Laptel, and the other north of it, in the direction of Kanchego. 

“ The next older formations, permian and carboniferous, are represented in 
the collection by a somewhat better suite of fossils. The 
most fossiliferous bed is a white limestone with a great 
number of fragments of crinoid-stems, and the follow T ing 

determinable species 

“ Tcrebratula himalayensis f Dav. 

“ „ subvescicularis,‘ Dav, 

“ „ Sp. 7101?.* ? 

“ Athyris roissyi, L’Ev. 

“ Spirifer cf. glabcr , Martin. 

“ Gamer ophoria, sp. nov. ? 

“ Productus semireticulatus 9 Martin 
“ » *sp- 

“ Bactryninm sp. 
u Gyathophyllum sp. 

u It is very interesting to trace how much tl^s fauna resembles that of the 
lower carboniferous limestone in the Salt Range ; and even the preservation of the 
specimens is such, that they could be mistaken as coming from the Salt Range. 

semvreticulatus occurs of its typical 'size, whilst the small form from 
, which is found also here, and quoted by me as u Productus , Bp.,” is very 
$y a different species. The latter, however, has been also obtained, 
pugh rarely, ^from the Salt Range. 


Permian and carboniferous 
fossils. 
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“ The Carrier ophoria quoted above is a beautiful large species* which I could 
not determine for the present. The Bactrynvum also is interesting, which is found 
plentifully in identical specimens in the Salt Range. The genus has been de- 
scribed by Giimbel after a very small species out of the ‘ Kossener ’ beds of the 
Bavarian Alps. The zoological relations of the genus, however, are as yet 
thoroughly unknown. 

“ Other beds, possibly also of carboniferous age, which, however, could not be 
ascertained by the few fossils obtained from them, have furnished : — 

Rhynehonella , sp. 

allied to Rk. acuminata , Martin, preserved in a black hard shale, and 
Spirifer cf. striatum, Martin, 

Stringocephalus ?? sp. 

Rhynehonella ? sp. 

all bad specimens, preserved in a dark liver-coloured limestone. 1 ’ 

The dark-coloured limestone is very probably of carboniferous age, as it came 
from the same locality as the rocks which furnished the fossils of \mdoubted 
carboniferous affinities. 4 

“ Of all the silurian formations, there is* oply onp ^specimen of rock in the 
collection, consisting of a bit of white not very hard 
Siinr^i feast . sandstone, with manganese speckgi, upon which several 

casts of Strophomena aranea , Salter, are observable.” 

The sandstone in which this brachiopod occurs comes, as well as I can re- 
member, from the neighbourhood of Shilong, as already mentioned. 


The following list of halting- places and distances from Alm6ra to Milam may 
be useful: — 


Name of halting-placo. 

Distance. 

Remarks. 

1. Takli 

16 Miles. 

No resting-housA 

2. Bageswar 

14 „ 

Dak bungalow. 

3. * Kapkot ... 

12 „ 

Dharamsala. 

4. Shama 

13 „ 

Ditto. 

5. Tezam 

7 „ 

School-house. 

6. Girgaon ... 

64 „ 

No resting-houso. 

7. Munshiari 

8 „ 

Dharamsala. 

8. Lei am Thankdt ... ... 

6 „ 

Cave. 

9. Baghdtiar 

8 „ 

No shelter. 

10. Rilkbt 

8 „ 

Ditto. 

11. Milam 

8 „ 

Ditto. 

Total 

106£ „ 
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Th js Mud Volcanoes of RXmri and Ohedubaj by F. R. Mallet, F.G.S., 

• Geological Survey of India . 

During a recent tour through Rdmri and Cheduba, the main object of which 
was to examine and report on certain coal-beds said to exist in the islands, I had 
an opportunity of visiting the greater number of the mud volcanoes, the occur- 
rence of which has' long been known, and brief allusions t6 which are to bo found 
in many standard works on volcanic phenomena and on general geology. 

The original sources of information referred to in such works consist mainly 
of a “ Report on the Island of Chedooba” by Commander E. P. Hals ted, 3 which, 
amongst pther matter, contains valuablo and, with but few exceptions, 
accurate observations both on the volcanoes, and on the elevation of Cheduba and 
the neighbouring islands which has occurred within the last two centuries. 
Besides tl^j above, a few notes on the volcanoes of Rdmri may be found in Lieute- 
nant Foley’s Journal of a tour through that island, and in a paper on sonfe coal 
which had recently been* found afr Kyauk Phyu. 1 2 Dr. Spry, also, has briefly 
alluded to one of the volcanoes near the last named place in his account of 
“ A three weeks’ sail in search of health.” 3 Notices by Captain J. Russell of a volca- 
nic island which rose from the sea near Cheduba in 1843 and subsequently disap- 
peared ; of a fire at sea witnessed from Kyauk Phyu in 1845, and conjectured to 
have been volcanic; and by Major Williams of an eruption from one of the 
Kyauk Phyu volcanoes in 1846, "have also been published. 4 * 6 To all the above 
records I shall subsequently have occasion to refer. 

The allusions to Ramri and Cheduba by systematic writers refer mainly to 
the fact of the mud volcanoes there being at, or near, the end of that great line 
of volcanic vents which may be traced thence southwards by Narkonddm and 
Barren Islands, in the Bay of Bengal, through the entire length of Sumatra, 
Java, and th^ eastern islands of the Sunda group. By some, indeed, this line is 
considered only a portion of a still greater one which, stretching from Tierra 
del Fnego northwards, along the western ' fringe of South and North America, 
is continued through the Aleutian Islands, Kamschatka and Japan to the 
Phillipine and Molucca Islands. There it is considered to divide into two, one 
branch running south-east through Papua, the New Hebrides and New Zealand; 
the other passing, as before said, through Java and Sumatra, and having its 
furthest limit in Arrakan and Chittagong. 3 

1 Journal As. Soc., Bengal, X, 1841, pp. 340, 410. 

* Ibid., IT, 1833, p. 605; IV, 1835, p.^0. 

9 Journal As. Soc., Bengal, X, 1841, p. 1£8. 

4 Ibid., XII, 1843, p. 1114; XIV, 1845, Proceedings for February; XV, 1846, Proceedings 

for November. 

6 Scrope on volcanoes* p. 12 ; Ly ell’s principles, lOih edition, II, p. 585. There is a ‘true* 
volcano, called Pupp£*doung, about 30 miles east of the Irraw&di, in latitude 21°, but it has been 
Ipnff extinct. It has been described by Mr. W. T. Jtlanford, who believes it to be of Miocene or 
. j&ttcse age, tfore probably tie latter (Jour. As. Soc., Bengal, XXXI, 216). 
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Orographically and geologically, however, the islands in question, which, 
Physical features of Rrfmri with the islets in the neighbourhood, may be comm- 
and Cheduba. niently spoken of as the Ramri group, are intimately 

connected with the Arrak&n range of mountains, which, running from Cape 
Negrais northwards towards Manipur, forms the dividing ridge between the basin 
of the Irrawidi and the smaller rivers of Pegu, Arrakan and Chittagong, which 
find their way direct into the Bay of Bengal. In the latitude of R&mri this 
range attains in places an elevation of from three to nearly five thousand feet, 
the 'hilly islands in question constituting outliers on the western flank of the 
range. Ramri is separated merely by a narrow creek from the mainland, to which 
the whole group would be connected by an elevation of a few fathoms. 1 

No map is in existence which correctly delineates the orographical features 
of these islands. The Ramri hills are disposed in very numerous, and generally 
irregular, ridges. In some cases, where bands of harder rock preserve a uniform 
dip and strike, as between Likmau and Minbain, straight and well defined ranges 
occu£ but more frequently, owing to the irregularity of the strike and dip, and 
the softness of much of the rock, the hills are irregular in their direction and 
featureless in outline. There is, however, a general tendency to a direction 
approximating to north-west — south-east. Generally the rounded, jungle-clad 
ridges vary in height from one or tflvo hundred feet to double or treble that eleva- 
tion. The hills in the southern part of the island are, on the whole, higher than 
those further north. Lieutenant Foley estimated the height of Jika, a hill not 
far from the coast, to the south or south-south-west of the town of R&mri, at 
3,000 feet, but this requires confirmation. The highest Revenue Survey Station 
on the island is about 700. 

Between the various ridges, and stretching to either side of the tidal creeks 
by which the island is intersected, are alluvial flats which are often of large area, 
and taken together constitute an important proportion of the island. As an illus- 
tration of the extent to which the latter is penetrated by such creeks, it may be 
mentioned that, at high tide, boats of 10 or 12 fathoms length ican go up the 
Minyat River to the village of the same name, which is within less than two 
miles of tho western coast. 

My acquaintance with Cheduba is confined to the eastern side. Captain 
Halsted, however, who surveyed the island, describes the general features thus : 
“ Its general appearance and character is that of a fertile well- wooded island of mo- 
derate height, and irregular outline. A band of leyel plain, but little raised above 
the sea, extends around its coasts, of far greater width on the east than on the 
west; within this lie irregular, low, undulating hills, varying in height from 50 to 
500 feet, enclosing several higher detached mounds of steep, well-wooded sides, 
the loftiest of which, near the south part of the island, rises nearly 1,400 feet.” 2 

The larger of the outlying islands are very similar to the main ones, on 
a smaller scale; low rounded hills from 100 to perhaps 300 feet high rising from 
cultivated alluvial plains. 

1 Tide Admiralty Chart of Bay of Bengal, 1876, sheet 4. 

* On the map of the province of Pegu, scale 8 miles=l inch, published in the Surveyor 
General’s Office, 1856, a hill, presumably %hat alluded to by Captain Halsted, is marked 1,700 feet. 
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, The evidences of recent elevation, visible along the coast in many parts of 
these islands, are patent at a glance. The southern 
portion of Hound Island is occupied by a little 
rocky table-land 100 or 150 feet high, and the remainder by a plain elevated 
but a few feet above the sea. A portion of the latter is composed of ro un ded 
pebbles and boulders of rock, lumps of coral, sand and broken shells — 
a raised sea-beach. The remainder is an alluvial flat, formerly doubtless a man- 
grove swamp, but now occupied by rice-fields, amongst which are some large 
rocks with marine shells still adhering to them. At the northern end of 
the island there is a detached rock on the beach which strikingly illustrates 
the elevation, crowned, as it is, by an aggregated mass of marine shells, the 
base of which is about six feet above the present high tide level, and the 
upper surface covered with grass and shrubs (vide illustration). Bocks of 
a similar kind are also to be found elsewhere on Bound Island, as well as on 
Begnain, or Flat Island, to the south. A map of the latter is appended to 
Captain IJalsted’s paper, showing the present island to consist of three terraces 
differing from each other in level by six or eight feet, L <?., ls£, the original island 
(containing a mud volcano in its Ventre) previous to the elevation, which is said 
to have taken place about the middle of the 17th centuiy ; 2nd, the island after 
this occurrence; and 3rd, the present island, the outer portion of which was 
raised about the year 1V50 1 according to native information obtained by Captain 
Halsted. The last elevation was accompanied by a very violent earthquake : in 
Cheduba “ the sea washed to and fro several times with great fury, and then 
retired from the grounds, leaving an immense quantity of fish, the feasting on which 
is a favorite story throughout the island ; no lives were lost, no rents in the earth 
occurred, nor fire from the volcanoes of the island.” It has been suggested by 
Mr. Piddington (native villagers not being very accurate, generally, as to dates) 
that the earthquake was coincident with the submarine volcanic eruption de- 
scribed as having occurred off Pondicherry in 1757 3 , and, with much more pro- 
bability, by lieutenant Baird Smith, to have been the same earthquake as that 
which partially destroyed Chittagong in April 1762, and which was felt through- 
out Bengal, Arrakan, and Pegu. 3 A comparison of Captain Halsted’s map of 
Flat Island with the present shore line indicates no further elevation since tho 
date of his paper. 

His measurements show the total elevation to have been 9 feet at Foul 
Island, 50 nulcs south-east of Cheduba, from 12 to 22 feet in vario us parts 
of Cheduba itself, and 13 feet at the Terribles, west of Kyauk Phyu; the 
elevation having been greatest towards the north of Cheduba, and declining 
both to south-east and north-west, Evidences of the inequality of the elevation 
are al$o to be found in Bamri. On the western coast, between Kotibaung and 
Kyauk Gale (and- doubtless further) there is a raised beach about 20 feet above 

— ft. 

1 Ninety years before 1841 according to tho text, which refers to Cheduba. On the map of Flat * 
Island the last elevation there is stated to have occurred eighty years before the same date, but 
tliis would appear to bo a clerical error ; there is no allusion in Captain Halstcd’s paper to a differ- 
ence <£ tc^years between the last elevations of Cheduba and Flat Island respectively. 

Bombay Geographical Society, X, 140? ’ i Journ, As, Soc,, Bengal, XII, 1050 * 
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the sea, strewn over with worn lumps of coral, and of rock bored by Pholadidce 1 * , 
whose shells still remain in the holes. But a large part of the alluvial area on 
the eastern side of the island, not more than a few feet above the sea, does not 
exhibit such evident signs of recent elovation, nor does there appear to be any 
tradition of such large proportion of the island having recently emerged. 

The elevation at the Baranga Islands has been comparatively slight. In one 
placf, however, at the north end, I observed oysters sticking to the rock about 
two feet above spring high water mark. Further north again, the effects of the 
great earthquake of 1762 wore of a precisely opposite character, largo areas in 
the Chittagong Distinct having been then submerged. 9 

The rocks are of a very similar character throughout the islands, consisting 
almost entirely of shale and sandstone. The former 
Geological character. 0 f different shades of gray; although sometimes 

j well bedded, much more frequently it is clunchy, and not uncommonly passes 
into clay. Almost everywhere it includes numerous large irregular nodules, or 
short strangulated beds, which are more or fesj calcareous, and some of which 
are tolerably pure limestone. These nodules Are often traversed by strings of 
ealespar. Irregular strangulated veins of tlic same mineral also intersect the 
shales themselves, in places, and the latter are occasionally gypseous, containing 
small disseminated crystals of selenite, which, by the weathering away of the 
shales, become scattered about on the surface of the ground. Small nodules of 
clay-ironstone are also mot with in this way, but are not very common. Shales 
of the above varieties constitute an important proportion of the entire bulk of 
the rocks. 

The sandstones arc usually gray or greenish-gray, more rarely yellowish or 
pure white; sometimes harsh; generally moderately fine-grained, and often 
tolerably bard. Sometimes they are intersected by veins of ealespar, or, like the 
shales, contain irregular nodular calcareous masses. Conglomcritiq Jbeds, contain- 
ing pebbles from two inches diameter, downwards (which arc mainly of white 
quartz), are met with, but rarely, and of trifling thickness. 

Both shales and sandstones not nnfrequently contain lignite. It occurs in 
little irregular strings, or in strangulated layers from an inch, or less, up to 
three or four inches thick, and seldom as much as a foot long. Where these are 
found they generally occur more plentifully in some beds than others, lignitiferous 
Strata being intorbanded with others which contain no carbonaceous matter. 
Woody structure is frequently seen in such layers, which are often merely the 
ends of stems that hav e been crushed fiat. Sometimes the stems arc only partly 
converted into lignite, the remainder being silicified, although still black from 
residual carbonaceous matter. In some cases the lignite contains pyrites. Much 
^ larger stems than the above are occasionally met with, one or two that T saw 
being 18 inches in diameter, and visiblo for a length of six or seven feet, but they 
are far from common of such dimensions. 

True., seams of coal have also been found — at Tsetama, in the southern 
part of Kamri, where several outcrops occur, varying from one to six feet thick ; 


1 For this determination I am indebted to Mr. W. Blanford, 

8 Joum. As. Soc., Bengal, XII, 1043. 
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and near Pallang Roa in Cheduba. Beds of more or less carbonaceous sandstone 
ha ve been met with in one or two other places. As I shall subsequently hare 
occasion to describe these coal-seams in detail, with reference to their economic 
value (p. 207) ^jt is unnecessary here to do more than mention their occurrence. 

Besides the above strata, some bands of limestone of considerable thickness 
are to be found, which will be subsequently more fully described (p. 221). One of 
the most important of these is near Yanthek, where the rock bears some resem- 
blance in aspect to a coarse yellowish- white chalk, but does not mark like it, Seing 
as hard as ordinary limestone. It is rather brittle, breaking with a tolerably 
smooth fracture. The bedding is generally obscure, and masses up to 20 feet thick 
occur in which none is apparent. A limestone of very similar character also 
occurs near Tsinbok. In the Pagoda Hill, at the town of R&mri, and again 
a mile or two further east, a thin band of such rock occurs interbedded with 
sandstone^ and shale of the usual type. South-east of Tsetama limestone of 
a different character occurs. It is of a pale gray or grayish-white color, lather 
hard, not brittle, and instead of the chalky look of the above, has a minutely 
crystalline structure. It is vely massively bedded, and there are, apparently, at 
least two bands, each not less than 25 yards thick, with sandstone between. - At 
Tengbain similar minu'fcely crystalline limestone is associated with rock of a much 
coarser grain, which in hand specimens is not unlike some varieties of limestone 
from the old metamorphic series. Such crystalline limestone, again, at A116 
Chaung and Tsane, is associated with grayish chert, which is veiy cellular and 
rusty on the weathered portion, and is intersected by very numerous strings of 
white quartz : some surfaces of the rock are sprinkled with little limpid rock 
crystals. Cherty and calcareous seams are irregularly interbanded with each other, 
the beds with which these rocks are associated being ordinary sandstones. Simi- 
lar chert, with or without accompanying limestone, is met with not unfrequently 
elsewhere, but the bands do not appear to exceed a few yards in thickness. 1 

With the exception of the limestone associated with chert at A116 Chaung, 
which is dolomitic (and contains minute crystals of magnetite disseminated 
through it), all the limestones I have examined are purely calcareous. 

The rocks, generally, throughout the islands, have been greatly tossed about, 
the strike being far from constant, and the dip extremely irregular. Not un- 
frequently it is vertical. But owing to the softness of the shales, and their 
clunchy character, and the facility with which much of the sandstone gets 
broken up superficially, the lie of the rocks is often very obscurely seen. 

It would be certainly rash, on the strength of such a cursory examination 
as mine, to assert that the rocks throughout the islands belong exclusively to 
one series, but as far as my observations go, they do not suggest any grounds 
sufficiently strong for attempting a separation. 

The only fossils I observed were some obscure markings in the sandstone at * 
Likmau, and there is so much lithological resemblance between some of the 
tertiary jgroups of Burma that little can be gleaned as to the age of the 

Riiuri rocks from their mineral characters. It may be remarked, however, that 

. jfrWfr . n . H . : * *- 

# * 1 Mr. W. Theobald mentions similar chert as occurring in Negrais and nummulitic strata of 
Division : Mem. G. S. I., X, 000. 
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petroleum-bearing rocks occur throughout the islands, and that the oil-bearing 
rocks of Pegu, which are within 70 miles of Ramri in a straight line, are believed 
by Mr. Theobald to be nummulitic, all the known oil localities being situated 
either on nummulitic or still younger strata. 

Again, the coal hitherto found in Eastern India (Assam and Burma) is all 
either of cretaceous or of nummulitic age, the former being markedly different 
in external* characters from the latter. 1 That from the Ramri Islands bears 
no resemblance to cretaceous coal, and is quite of the nunfmulitic type. 2 

The number of mud volcanoes distributed over the islands is consid- 

. erable, there being in Ramri itself a dozen or more : 

Mud Volcanoes. Distribution. ,, , m j n _ * ,i 

more than half that number in Cheduba 3 4 ; three, 

at least, on Amherst, and two on Flat Island. I have heard of others on the 
neighbouring part of the mainland, but have no definite information about them. 
On the opposite side of the Arrakan Range, near Menbo, on the Irrawadi, numer- 
ous mud volcanoes exist, which have been described by Dr. T. Oldham, 4, and 
two are mentioned by Mr. W. Theobald as occurring on the coast not far from 
Cape Negrais. 5 I myself observed a very smalj one in the Baranga Islands, 
and there are records of two sub-marine eruptions. It was reported, on native 
information, that two volcanoes opened in 'the Chittagong District during the 
earthquake of 1762. 6 It would appear, therefore, that salses are rather widely 
distributed over both flanks of the Arrakan Range. But those in the Ramri 
group hold the first place in magnitude and in the violence of their paroxysmal 
eruptions. It will be observed that they illustrate, on a small scale, that distri- 
bution into linearly arranged and isolated vents which has been so commonly 
remarked amongst the great volcanoes of the earth. At Kyauk Phyu six occur 
in a line within a distance of perhaps a mile and a half along the summit of a 
low broad ridge. Two volcanoes in close proximity, or with their circumferences 
even touching each other, occur in several cases elsewhere. 

In respect to their form the volcanoes may be divided into mounds and cones , 
~ . there being, however, no sharp line between the two 

varieties. The former are approximately circular, 
generally varying in diameter from 50 to 100 yards with a height of perhaps 15 
to 30 feet; there are, however, two exceptionally large ones in Cheduba, south-east 
of the Pagoda Hill, respectively about 200 and 250 yards across. The mounds look 
like an accumulation of angular fragments of rock — shale, sandstone, &c. t but this 
appe&rance is deceptive. During ordinary times mud is ejected in small quantities, 
and during the greater eruptions, stones and mud are shot out together, the whole 
forming a sort of unconsolidated conglomerate. The wash of rain, however, scours 


1 Memoirs, Vol. VII, p. 175. 

9 The limestone at Y&nthek and Tsinbok (p. 221) apparently closely resembles that described' 
by Mr. Theobald at p.v 813 of his report, and which he considers to be cretaceous. That some of 
the Ramri rocks should be referred to this age is by no means improbable. 

8 Vide Captain Halsted’s Map, Journ. As. Soc., Bengal, Vol. X, p. 446. 

4 Mission to the Court of Ava ; by Captain Yule, 1855 } Appendix, p. 839 

* Mem, G. S. I., Vol. X, p. 119. * 

6 Journ. As. Soc., Bengal, XII, 1050, and Phil. Trans., LIII, 251. 

JK 
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the mud away from the surface, leaving a superficial layer of fragments behind, 
which thus have the appearance of constituting the whole mass* On digging 
down a foot, or less, the true composition becomes apparent. There are often 
cracks, also, which show, the mud below, sometimes in a dried, in *>ther cases in 
a still pasty condition. In the centre of one of the Kyauk Phyu mounds there 
was a circular Bpace, about 10 yards diameter, where the surface crust, composed 
of fragments cemented by dried mud, was not more than 9 inches thick, and was 
intersected by numerous shrinkage cracks through which a ten-foot stick Jjould 
easily be thrust into the soft mud beneath. The highest part of the mounds is 
generally at or near the centre, but not always. One of the large mounds south- 
east of Pagoda Hill has its summit about halfway between, the dentre and 
cirexunference. Scattered oyer the mounds, more commonly towards the central 
part,, but sometimes at or near the edge, there are generally a few mud cones from 
a few inches to as many feet in height, with craters at the top containing more or 
less liquid? mud. To these I shall allude again. % 

The mounds, which are quite bare of vegetation themselves, are surrounded 
by a ring, varying in breadth, l% but averaging perhaps 50 to 100 yards, of casua- 
rinas, not very thickly grouped, and unaccompanied by any other trees. Beneath 
them is thinly scattered grass. Immediately outside this ring the ordinary 
jungle commences. Casuarinas are only found in the islands along the sea coast 
and around the volcanoes. They prefer a saline soil, which they obtain in both 
positions. The mud ejected from the volcanoes is invariably saline, and while 
favouring the growth of casuarinas, prevents that of ordinary jungle. At the 
two large salses south-east of Pagoda Hill (and in this case only, as far as my 
experience goes) the casuarina ring is replaced by one of phoenix palms. 

The most perfect examples I have seen of the conical form of volcano are 
the two salses at Kyauk Phyu nearest the sea. One of these is about 40 feet 
high from the inner side of the casuarina ring, 1 with a slope increasing in steep- 
ness toward s*the top of the cone, where there is a crater 12 feet in diameter, filled, 
(at the time of my visit), to within 4 feet of the top, with thickish mud into which 
a stick 10 feet long could easily be thrust. The other cone is similar, but smaller. 

Mounds are commoner than well developed cones. The former would appear 
to be in an earlier stage of development. The difference in form is partly 
caused, also, by the mud ejections in the former case shifting their positions at 
different times to different pprfcions of the mound. Thus at one of the salses 
south-east of Pagoda Hill, the largest mud craters at present, one of which is 
>$.0 feet high, are situated close to the edge of the mound. When such a change 
of position takes place, the deserted craters, which have not had time to attain 
any very large dimensions, are washed down by rain into the general mass of the 

u * ■ ■ ■ — ■ -■ , - 

;'3 Owing to the weathered, broken up, condition of the shale and sandstone in the low broad 
ridge m Which the Volcanoes are situated, it is rather difficult to distinguish the debris of the 
former from that ejected from the volcanoes, or to determine how far the ridge has been produced 
the latter. The summit of the lastmimtionedcone is 200 or 800 feet above the sea, 
^1|^i%|B4dsted says that the vary from 100 to 1,000 fe^t above the sea 

elevations, however^^^p^^jee .of- the hilly ground on which many of the volcanoes 
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mound, so that the latter presents, as before described, the aspect of a heap of 
stony debris on which only the more recently formed and active mud cones 
remain. On the whole, however, the ejections are generally more frequent, or 
more abundant, towards the centre of the mound, which is consequently highest. 
Occasionally, however, the summit is found elsewhere. 

In the case of the second form, the ejections (of sufficiently viscid mud) have 
remained constant to a single vent, around which the entire mass of matter has 
by degrees been built Up into one cone of regular outline. In the character of 
the ejected stones, the surrounding casuarina ring, &c., the cones are quite 
similar to the mounds. 

On rare occasions the mud volcanoes are subject to paroxysmal eruptions 
Ordinary conditions of crup* of great violence. In ordinary times, however, they 
tion * remain in a state of comparative quiescence. Some- 

times action is suspended altogether, but generally a few mud cones, from a few 
inches to as many feet high, are scattered over the mounds, in the majority of 
cases at or near the centre. The craters at th<* top contain mud in various degrees 
of fluidity. Sometimes it is thin and watery ; An other cases thick and viscid. 
The thin mud forms cones of very regular outline, but low inclination ; sometimes 
not more than 15 degrees : the cones produced from viscid mud, on the contrary, 
rise at steep angles, and are sometimes nearly vertical at the top. In such cases 
they are formed, in part at least, by small quantities of mud spirted out, which 
drop back on the rim and gradually build it up like a wall. Bubbles of 
inflammable gas rise through the mud in the craters, when they are active, in 
greater or less number. When the mud is very thick the gas issues with a 
peculiar * clucking’ sort of noise, and when sufficiently forcible, produces the 
spirting just alluded to. 

Besides such spirtings, flows of mud issue at times from the craters, generally 
finding an exit by breaking down the weakest part of the rim. A stream of some 
magnitude had flowed from the most northern of the Kyauk PhyU conical volca- 
noes not long before I visited it. Issuing from a gap in the crater wall, with 
a breadth of 18 inches or 2 feet, it flowed down the side of the cone, with a veiy 
constant width. At the bottom it got into a small channel, and continued its course 
for a distance of 100 yards from its source. The stream well exhibited that 
canal-like form which sufficiently viscid mnd assumes Under such circum- 
stances. Owing to the sides moving more slowly than the centre, and hence 
having more time to dry, the mud there first becomes too consolidated to flow 
further, and forms banks between which the central portion still flows on. An 
analogous phenomenon is frequent in lava streams. “ A stream of lava,” says 
Mr. Scrope,“ while flowing down any slope, will, owing to its imperfect fluidity, 
usually be thickest towards its centre, and consequently possess a convex cross 
section on its upper surface, the sides rising as steep banks from the uncovered 
ground adjoining. But when the supply of fresh lava from the vent diminishes 
or entirely ceases (the still liquid interior at the central part of the current 
continuing for some time to flow on, urged by its own weight above, down any 
slope that offers itself), the upper *crust, being unsupported, will have a tendency 
to subside in proportion. Hence we often find narrow lava-streams confined 
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within banks, which they seem to have raised themselves, and having a concave 
surface in their cross section ; the sides, which necessarily cooled sooner than the 
central part, preserving their thickness, and taking the form of high banks or 
ridges, between which the internal lava-stream flowed on for some time, as in 
a canal, the level of its surface gradually lowering as the supply from above 
ceased.” 1 

The sources of the mud are undoubtedly the gray shales which form such 
an important part of the rocks throughout the islands. Although these are 
generally brittle and clunchy in a dry state, when thoroughly soaked with water, 
as they are seen, for instance, along the shore at low tide, they break with a some- 
what plastic mode of fracture, and are easily kneaded into mud identical in 
appearance with that ejected from the volcanoes. 

I have not myself observed the mud to possess any sensible degree of 
warmth, but I was not fortunate enough to witness any actual eruption beyond 
a mere dribble. That the mud is warm, however, at times, we have the evidence 
of Mr. Howe, who found “ a ho^ slimy fluid” some time after a fiery eruption 
from one of the Kyauk Phyu volcanoes. Captain Halsted found mud brought 
up from a depth of 1 7 feet at one of the Ramri volcanoes to show “ a temper- 
ature of 92° 20', above that of the atmosphere” (sic; misprint for 92°, 20° above 
that of the atmosphere ?). Dr. Spry also remarked that the crater of one of the 
Kyauk Phyu volcanoes, 12 feet in diameter, “ was filled with warm liquid mud.” 

The ejected mud always contains more or less saline matter, which is princi- 
pally common salt. Occasionally, ho wever, this salt is mixed with a large propor- 
tion of sodium sulphate, and contains calcium sulphate besides. It has been 
suggested that the salt is derived direct from sea water, 2 and Captain Williams 
even mentions having received a fish which was said by the natives to have 
been thrown up by one of the Kyauk Phyu volcanoes. 3 This idoa, however, is 
scarcely supported by the want of uniformity in the composition of the salt, and 
it is, I thinkfprobable that the latter is derived in considerable part from the rocks 
themselves that yield the supply of mud. The intimate connection between the 
petroleum and mud volcanoes of Ramri will be subsequently alluded to, and it is 
well known how frequently mineral oil and salt are associated. In India they 
are found together in the oil-producing tracts of Burma, Assam, and the 
Punjdb. 4 That the Rdmri rocks do contain saline matter I found by examining 
the shales or clays from the oil-wells of Tsi Chang, Letaung, and Minbain, which 
when lixiviated with water all yielded soluble chlorides and sulphates in varying 
proportions. Further, it appears from Dr. Oldham’s account that the mud from the 
craters at Menbo on the Irrawadi, some 70 miles from the sea in >& straight line, 
is saline also, and is largely used for the preparation of salt by lixiviation. 

Water in considerable quantity is, of course, a necessity for the production 
of the often slushy mud ejected by the Ramri salses, and that this in some 


1 Volcanoes, p. 76. 

5 Trans. Bombay Geol. Soc., X, 146. 
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cases infiltrates from the sea is by no means unlikely, but in others, where the 
volcanoes are two or three miles from the coast or any creek, it would appear not 
improbable that the water is derived from surface percolation. Saltness is a very 
commqn characteristic of mild volcanoes, aa is indeed indicated by the term salse 1 
often used for them. 

Although the emissions from the volcanoes in their ordinary condition are 

Paroxysmal eruptions. of tte aboye de8cribed insi & nificant character, at 

„ uncertain (and sometimes long) intervals, eruptions 

of a much more, violent character take place. At such times mud and stones 
are shot out with great force and noise, accompanied by large quantities of 
inflammable gas, which in many, cases catches fire and gives rise to a volume 
of flame that lights up the country for miles around. Of course such eruptions 
vary in intensity, some being much more violent than others. I was not fortu- 
nate enough to see anything of the kind, but there are several records of 
their occurrence. 

From one of the Kyauk Phyu volcanoes, Dr. McClelland states, that “ vapour 
and flame were seen by the inhabitants of Kyaujc Phyu to issue to the height of 
several hundred feet above the summit during the principal shock of the earth- 
quake of the 26th August 1833 2 .” This was a violent earthquake felt, amongst 
other places, at Calcutta, Agra, Nepal, and Lassa. 

On the 23rd of March 1839 a very severe earthquake was felt throughout 
the whole of Burma, during which “ fires, mingled with smoke and ashes, rose 
to a fearful height ” from one of the same group of vents. 3 

Mr. Howe, Marine Assistant at Kyauk Phyu, thus describes an eruption 
which occurred on the 6th of February 1843 : — “ We had, last night, a most magni- 
ficent volcanic eruption. The mountain, which is of moderate height, and shaped 
somewhat like a pyramid, is about three or four miles from the station, which was 
rendered as light as noon-day, though midnight at the time. The eruption 
commenced at about 11 r. m., unaccompanied by any rumbling, but throwing up 
masses and particles of lava (sic ; vide p. 202) to an immense height, and presenting 
a most magnificent spectacle, visible all round the country. The weather had 
been for some evenings previous close and threatening, though the glass kept 
up, varying from 30° 12' to 29° 98' for the last five or six days. 

“ The fire gradually went out, and all was still again by about half an hour 
after midnight. * 

“ This eruption takes place, from what I hear, generally once in two years, 
sometimes annually.” 4 Subsequently — how long does not appear — Mr. Howe 
wrote, — “The volcano i% still in a bubbling boiling state, the orifice not larger than 
a tea cup, and there is a hot slimy fluid to be dipped up at the surface, but no 
vapour or noise is emitted, and it is otherwise quiet.” 5 As no vapour was emitted 

1 From salsus, salted. 

9 Report of a Committee for investigating the coal and mineral Resources of India 
(1838), p. 41. 

3 Silliman’s Journal, XXXV111, 386— -British Association Earthquake Catalogue. 

4 Journ. As. Soc., Bengal, Xll, 256.* 

5 Ibid., 621. 
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the “boiling" spoken of was doubtless the escape of gas. The orifice must 
of course have been of considerable dimensions during the eruption on the 6th 
of February. Subsequently to that date, when the violent stage of ’ the eruption 
was over, a mud cone, similar to those described ’above, was probably quietly 
built up over the spot, with a crater of the size mentioned. 

Between the 26th and 29th of July 1843, an eruption took place “at a 
distance of about thirty bamboos ” south of False Island, which a few months 
afterwards was described as follows by natives of Cheduba and Flat Island to 
Captain Bussell, commanding the H. C. steamer Ganges : 44 About our morning 

meal, or 7 or 8 o'clock on the morning of the first day, we heard a great noise, and 
saw fire rising out of the sea, which continued for four days ; on the second day 
we saw a small island newly formed in the sea, between ‘Flat Bock’ and 
4 Bound Bock,' 1 about the size of the sandbank called False Island. 

44 We saw the newly formed island for a month, but could not approach it 
on account of the boisterous sea on the coast. We felt an earthquake before 
we saw the fire in the sea ; in the month of October we came out in our boats 
to look for the island, but saw, nothing. The rocks, as they now lay, are of 
the same number and position as before the appearance of the new island.” 5 
Captain Bussell found two and a half to three fathoms of water over the spot 
where the island had been, with a rocky bottom. The ejecta during such erup- 
tions being exclusively mud and stones, none but the largest among the latter 
would have any power of resisting the waves during the south-west monsoon. 

44 On the night of the 2nd of Januaiy 1845,” Ensign Gr. Hankin, 66th Native 
Infantry, wrote, the day after the occurrence : — 44 Between the hours of 6 and 7, 
a very interesting and singular phenomenon was observed off the coast- of Kyauk 
Phyu. The sky on the horizon was observed to brighten up as when illum ina ted , 
by the rays of the setting sun, except that the light more resembled the flicker- 
ing of a fire than the gradual descent of that luminary. It continued in this 
way for half «n hour or so, when all of a sudden immense volumes of flame were 
seen to issue as it were from the depths of the ocean, presenting the most sub- 
lime yet awful spectacle to the beholders. The general idea entertained was, 
that a ship had caught fire ; but this was soon dispelled by a low continuous 
rumbling, which seemed to sound from the bowels of the earth, and was re-echoed 
by the surrounding hills. Previous to this, however, Captain Howe, the Marine 
Superintendent, had with the greatest promptitude set off in H. C. schooner 
u JPetrelf intending to render assistance to the supposed unfortunates of the burn- 
ing ship ; he returned without seeing anything, and it is thought that the whole 
was, the result of some hidden volcanic agency ; one of the neighbouring hills 
possessing that extraordinary property, and from which Barnes have been seen to 
issue before. The weather at the time was still and 'serene, hardly a breath dis- 
turbed the air : it was in fact, as some one observed, a very earthquaky day.”* 
According to Captain Williams' account 44 the reflection of the flame was made 
on a dark bank of clouds, ws>st of the station, on the track of ships from hence 

, ■ Not to be confounded with Flat and Bound Islands. 

, . \ • * Journ. As. Soc., Bengal, XII, 882, 1 lid 

* Jottrn. As. Soc., Bengal, XIV, 1845, Proceedings for February. 
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to Calcutta : it flickered several times as if the lire had been got under, and after 
laitmgTs or 20 minutes (say) suddenly went out. Various were the conjectures : 
I thought itVas the reflection of the sun from below the horizon, but the sudden 
light of flame was too brilliant and unsteady to be the sun’s light ; electricity in 
the cloud was stated to be the cause, but this is not the season for such a cause : 
c a ship on fire,’ said many; but this morning the prevailing opinion is, that 
a volcanic eruption has taken place 20 miles out to sea, similar to what I reported 
as having taken place near Cheduba. The argument against its having been 
a ship on fire is, that the flame showing so brilliant and so great a light could not 
be so suddenly extinguished as this was, the dark bank of clouds may have been 
formed of the smoke of the volcano.” 

The light was also seen by Captain Siddons and others from Akyab, and from 
the H. C. schooner “ Spy” then off the Assirghar shoal (about 30 miles north- 
west of Akyab), the Commander of which ship saw “five different times large 
masses of fires thrown up,” which he supposed to be a volcanic eruption. It is 
scarcely open to doubt, however, that what was seen from the “ Spy at least, 
was the reflection of the fire from the bank of tfye clouds alluded to by Captain 
Williams, and not the flames themselves. The bearings taken from the above 
different places showed the position of the fire to have beep about 7 miles S. § E. 
from the south end of the Western Baranga, the distance from Kyauk Phyu 
being 31 nautical miles, from Akyab 28, and from the Assirghar shoal 57. As 
Kyauk Phyu and Akyab are both on alluvium, it is not probable that the observ- 
ers in any case were more than 20 feet or so above the sea. Taking, therefore, 
the curvature of the earth (with refraction) into account, the flames to have been 
themselves visible at the above distances must, with reference to each position 
respectively, have exceeded 500, 400, and 2,000 feet in height!. 1 * • 

Soundings were made within a few days of the occurrence, but no difference 
from the soundings laid down on the chart was discovered. 

An eruption, on a comparatively small scale, which took plagle from one of 
the Kyauk Phyu volcanoes on the 25th of October 1846, was thus described by 
Major Williams : — “ About a quarter to 9 o’clock last night, we had an eruption 
of one of our volcanoes near the village of Chein Kroong, 3 about three or four 
miles from this station, on the island of Rdmri; it burst out suddenly with 
a slight noise, emitting a brilliant flame, which instantly went out, and again 
burst forth ; this happened for fifteen or twenty .times, when the flame burnt 
steadily, gradually diminishing, and disappeared altogether about daybreak, or 
a little before it, this morning : it rained heavily all the time. 

“ The whole sky was illuminated brilliantly, and again suddenly everything 
was immersed in darkness during the flashes, and then sudden disappearance, 
which 1 can only compare to the effect, on a small scale, of a handful 'of oil, or any 

1 Humboldt mentions an eruption from a mud volcano near Baku, when the flames flashed up 
to an extraordinary height for three hours, and another in the same region during which the flames 
rose so high that they could be seen at a distance of 24 miles (Kosmos I). It is stated by 

Eichwald that the eruptions there always terminate with a pouring out of naphtha (Edin. New 
Phil. Journal, XIV, 132). * 

* Tsi Chang P 
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combustible matter being thrown into a fire ” ... “ I have had a more correct des- 
cription of the volcano to-day” : (28th) “ The size of the crater is aboutmx feet 
in diameter only, surrounded on all sides, to some extent, with soft miM knee-deep, 
and the jhow or cassuarino trees growing around unhurt, in a regular manner as 1 
if planted there ; no other kind of trees near, and of course all other vegetation 
covered -with the mud thrown out. It is still burning, and it is just now a place of 
resort by these superstitious people who make offerings to the Naga, the cause of 
earthquakes and volcanoes. It appears that there is no hold where the flame (still 
burning and about two feet high) issues from, it comes up through the soft mud.” 1 

According to some of the head men of Tsi Chang whom I questioned, the 
time that has elapsed since the latest eruption from each of the different Kyauk 
Phyu volcanoes is roughly as follows : — 


1st 

2nd 

3rd 

4th 

6th 

6th 


(most southerly) volcano 



» 


Interval since last eruption. 
... 17 or 18 years. 

... 10 years. 

... Erupts almost yearly. 
... Extinct. 

3 or 4 years. 

... ? 


The eruptions are* only sometimes accompanied by flame. Four years ago 
there was a great eruption of the 3rd volcano : the heat given off by the flames 
was then so great that the. villagers could not approach near, but looked on from 
behind the shelter of the neighbouring jungle. 

There is a story well known over Cheduba and which was told to me, amongst 
others, by the Bunnan Extra Assistant Commissioner and by the head man of 
Kanthao Rea : although largely mixed up with fable, there would appear to be 
a substratum of fact, and it serves, at least, to illustrate the ideas held by the 
islanders themselves regarding their volcanoes. About three years ago, as it is 
said, a party of nine people from the village of Kaindi Roa, went to the Pagoda 
Hill to worship, one of the party being a man named Egalaitk6, which means 
a turtle in Arrakanese. On their return, and while passing over one of the large 
volcanic mounds near the Pagoda Hill, one of the men called out mockingly to 
the Naga — a spirit in the form of a serpent that presides over each volcano — “ 0 ! 
Naga Ji, here is a fine turtle I have brought; let me have some fire to cook him !” 
The offended Nagd granted his wish. Flames issued from the volcano. Four of 
the party were consumed and the remainder escaped more or less injured. The 
Extra Assistant Commissioner, while telling me the tale at Kanth&o Roa, sent for 
a woman who was said to have been amongst the number, and who was marked 
with large scars like those produced by severe burns* which she Baid she had 
received on the occasion referred to. She had not, however, herself heard the 
insult offered to the Naga. This part of the story will perhaps strike the 
sceptical as being open to some doubt, but that flames did issue suddenly and 
injure the people is, I am inclined to believe, a fact. It may be observed that in 
soiifie^ /tfe# preceding records, also, the eruptions are said to have had a sudden 



« 


1 Jbttrn. As, Soc., Bengal,' Proceedings for November 1846. 
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There is a notion prevalent amongst the islanders that eruptions,, from the 
volcanoes generally, take place more frequently during the rains than at other 
times of the^ear, an idea which can scarcely be considered as borne out by the 
few dates of eruption on record. Those mentioned above are respectively — 

January 2nd. * 

February 6th. 

« March 23rd. 

July 26th. 

• \ August 26th. 

October 2^th. 

A greater tendency of eruption at certain times of the year has, however, 
been suspected to exist in some other parts of the world. It is stated by 
Dr. Horsfield that the eruptions from the mud volcanoes of Java are more violent 
during the rainy season than at other times, 1 and M. Dubois de Montpereux 
mentions that out of six eruptions from the mud volcanoes near the entrance to 
the sea of Azov, five occurred between February and the 10th of May, the only 
known autumnal eruption having been on the 5th September. 2 

The vast majority of the ejected pieces of ropk are from half an inch, or less, 

. , , to 4 or 5 inches diameter. Stones df half a cubic 

Ejected stones. 

foot are not veiy common, and those of a foot rare. 
On the large mounds south-east of Pagoda Hill, however, there are a few blocks 
containing 3 or 4 cubic feet, or more, of rock. The height to which some of the 
stones have been thrown may be gathered from the distance from the mound to 
which they have been scattered over the surrounding phoenix ring. 

The ejected stones are, without exception, fragments of the various kinds of 
rock found in the neighbourhood of the volcanoes, the great mass being shale and 
sandstone. These are often penetrated by veins of ealespar, and occasionally 
contain strings of lignite. Pieces of more or less impure limestone, also, are not 
uncommon. Bits of pyrites are occasionally found, but are far from plentiful. 3 

Veiy rarely indeed do the stones show any definite signs of alteration by heat. 
The only case I observed was that of some fragments of red shale, different in 
color from anything observed in situ . On exposing fragments of gray shale, how- 
ever, from some of the oil wells, to a red heat over a Bunsen’s burner, they 
became first dark colored and then red. Mr. Piddington mentions having received, 
ajnongst other specimens sent by Mr. Howe from the Kyauk Phyu volcano after 
the eruption of February 1843, a specimen which jvas “ gray shale at one end 
and brick-red clay slate at the other, with the dark half-calcined-shale in the 
middle.” 4 Captain Halsted alludes to “ a white stone, like chalk, found on all the 
large volcanoes, which was considered as the common greenish sandstone discolored 
by heat.” The bleached-looking appearance of this rock, however, is deceptive. 

1 Daubeny on volcanoes, p. 409. 

2 Geological Observer, p. 4fr6. Also Vemeuil ; MtSmoires de la Soci&A Geologique de France, 

III.p.4. * 

* Spoken of as " copper ore” by Captain Halsted, who also mentions “ silver ore.” The latter 
was conjectured by Mr. Piddington to have been marcasito, but no specimens were forthcoming 
■for examination. (Journ. As. Soc., Bang*?, X, 443, 449). 

4 Journ. As, Soc., Bengal, XII, 336. 
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No proijpctf of foiioa ejected. 


Gaseous emissions. 


It is merely a fine-grained, slightly calcareous, white sandstone, which I have 
observed more than once in situ near the volcanoes. 

Hr. Howe alludes to “masses and particles of lava’ 1 thrown up from one of 
the Kyauk Phyu volcanoes during the above men- 
tioned eruption. Lieutenant Foley, also, says that at 
one of the craters in the same neighbourhood “ scoriaceous matter, trap minerals, 
and basalt show evidence of more active volcanic agency in times past. 1 ” This 
statement is, however, completely errorifeous. I have visited evexy one of the 
Kyauk Phyu volcanoes, and (knowing beforehand what had been written) failed 
to find a single particle of basalt, lava, scoriee, or any other rock showing even 
a trace of fusion. The ‘hard and sonorous rock resembling clinkstone, of 
a sea-green color and intersected with veins of calcspar/ found by Lieutenant 
Foley at the foot of one of the Ramri volcanoes, and conjectured by him to 
have been ejected in a state of fusion, was most probably a hard, fine-grained, 
greenish sandstone with calcspar veins through it. A rock of this kind may be 
seen, amongst other localities, on Flat Island. In another place, indeed, Lieute- 
nant Foley says that “ a few blocks of sandstone, and a conglomerate, consisting 
of a paste of sandstone, with enclosed nodules of a calcareous earth, lay upon 
the beach ; some of these rocks had a scoriaceous appearance, were encrusted with 
crystals of iron pyrited, and bore evident marks of igneous origin.” 2 

The inflammable gas which is evolved from the volcanoes, in bubbles during 
ordinary times, and in enormous quantities during 
the most violent eruptions, is evidently, in the main, 
marsh -gas, mixed probably with a varying proportion of other gases. During 
great eruptions it is not improbably mixed with the vapor of the more highly 
volatile of the petroleum hydrocarbons, as well as, perhaps, with the heavier 
hydrocarbons blown out in a state of spray. That a certain amount of heat 
is connected with such eruptions is evidenced. by the hot or warm condition 
of the mud,* but the unaltered state of the ejecta, especially such substances 
as lignite and pyrites which would undergo decomposition if strongly heated, 
show that the temperature is not very high. It is, I think, improbable that 
the gas issues during eruptions at a sufficiently high temperature to ignite 
spontaneously. The cause of its ignition may, perhaps, be inferred from the 
phenomenon frequently observed during eruptions of fragmentary ejecta from 
volcanoes in the usual sense of the term, like Vesuvius. During such times 
“ forked lightnings of great vividness and beauty” are continually darted from the 
ascending column of stones, scoriae, dust and more or less condensed vapor, the 
Electricity being developed by the friction of the ejecta amongst themselves. 4 
The principle of the hydro-electric machine is veiy similar, in which large quan- 
tities of electricity of high intensity are produced by the* issue of partially con- 
densed steam through small orifices of such form as to create considerable friction. 
*From a large machine of this kind a battery has been charged in half a minute 
which gave sparks 29 inches long. 5 In the case of the mud volcanoes, when 

As. Soc., Bengal, IT, 607. 


3 Journ. As. Soc., Bengal, IV, 28. 
4i Scrope’s volcanoes, pp, 22, 67. 

6 Watts* Dictjpnary of Chemistry, II, 408. 
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quantities of stones, and of mud, doubtless reduced to spray by the violence 
of the action, are being shot into the air, the friction of the ejecta amongst 
themselves, must necessarily produce large quantities of electricity, and it is, 
I believe, to the sparks, or lightning on a small scale, thus produced, that the 
ignition of the gas is due. The flames at the surface are sufficient to account 
for the calcination of the fragments of shale mentioned above. 

It will be observed that the fire of the mud volcanoes differs from that so 
often popularly spoken of in connection with lava-emitting volcanoes, in that 
the former is due to real flames, the latter being the reflection of the light from 
glowing lava b^ masses of condensed vapor, or of dust and scorise, or, in other 
cases, the light from jets of incandescent lava-drops. 

In the mound south of Kyauk-gale we have an instance of a mud volcano in 

Extinct mud volcanoes. an almost extinct, or, at any rate, long d6rmant 

‘ condition. *Instead of the usual heap of bare stony- 

looking debris, the mound is clayey at the surface and covered thinly with grass, 
with a few scattered casuarinas around. When 1 saw it there was one small mud 
cone at the centre from which bubbles of gas werq being given off, but the amount 
of mud recently ejected, — i. e. 9 covering, instead of covered by, grass, — did not 
exceed a few cubic feet. The mound, about 100 yards in diameter and perhaps 
15 feet high, is situated on a raised beach, whose present elevation of about 20 
feet above the sea only dates back to the middle of the 16th or 17th century. 1 
Previous to that time there may of course have been submarine eruptions, but if 
so, the loose ejecta must have been carried away by the sea. The present mound 
can never have been exposed to the surf, and as it is now very nearly extinct, 
the maximum length of its period of subaerial activity can be inferred. 

The third of the Hyauk Phyu volcanoes, counting from the sea, is in a still 
more advanced stage. It is a cone of low gradient, with a depression a few yards 
in diameter at the summit, containing a pool of water bordered by rushes — 
a miniature crater lake. The cone is thinly overgrown with grass, aad casuarinas 
are dotted over it accompanied by other trees. After eruptions have ceased, the 
salt is gradually washed out of the debris by rain ; slowly probably on account 
of the impervious character of the mud. The cone thus by degrees becomes 
less fit for the growth of casuarinas, and more suited to that of ordinary jungle, 
which ultimately doubtless usurps the place of the former trees completely. 

I have already alluded to the position of the ^rrakan salses at or near the 

_ . . * . , end of the great Sunda group of volcanic vents. 

Origin of the mud volcanoes. __ ® __ ® , f , , 

The next to them are Narkondam and Barren Island, 

both of which are volcanoes in the ordinary sense of the term. 

There is of course a wide gulf between the two classes of volcanic phenomena. 
Indeed some authorities, like Dr. Daubeny and Mr. Scrope, do not regard sal sea 
as truly volcanic at all, grouping them as pseudo- volcanic phenomena. 

For the production of any volcanic cone three main conditions are necessary : 
1st, the reduction of rook at a greater or less depth beneath the surface to a 
mobile condition ; 2nd, a practicable vent by which such rock can be forced to 


p. i9a 
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the surface; and 3rd, the presence of a power competent to force it up to the 
mouth of the vent and leave it there to reconsolidate. In the case of ‘ true’ 
volcanoes the mobility is in the main gained by the reduction of rock to a state 
of fusion, the heat involved in the process being due, as has been shown by 
Mr. B. Mallet, to local crushing of the earth’s crust, caused by the secular refri- 
geration of the globe, the interior cooling, and consequently contracting, faster 
than the exterior, which is thus subjected to tangential thrusts. The force by 
which the lava is ejected is the pressure of steam raised to a high temperature 
by heat derived from the same source as that which fuses the rock. 1 

In the case of salses the mobility is produced by reduction of rock to a 
state of mud, either by partly chemical, or by purely mechanical means. 2 The 
ejecting force is sometimes the pressure of steam ; in other cases, including the 
Arrak&n salses, it is, mainly at least, that of gaseous hydrocarbons. 

Amongst the most prominent examples of steam mud volcanoes Ore those in 
New Zealand, described by Dr. Hochstetter, where are craters filled with boiling 
mud from which steam escapes explosively at intervals, accompanied by sulphuric 
acid and other gases, to whose action on the lavas underground Dr. Hochstetter 
attributes the origin of the mud. 3 Of a similar character are the boiling mud 
volcanoes of Iceland, which have been described by Professor Paijjull, Captain 
C. S. Forbes, and others. Such also are the mud volcanoes of the Colorado 
desert. From some of these 4 ‘the steam rushes in a continuous stream, with a 
roaring or whizzing sound, as the orifices vary in diameter or the jets differ in 
velocity. In others the action is intermittent, and each recurring rush of steam 
is accompanied by a discharge of a shower of hot mud, masses of which are 
thrown sometimes to the height of a hundred feet.” 4 

In all the above cases the mud cones are in the closest relationship with 
existing, or but recently extinct, phenomena of volcanic fusion ; the mud is pro- 
duced by chemical action of acid gases on volcanic rocks, and the steam is 
generated by the heat which originally fused these, or by heat which has been 
produced in the same way. The heat required, however, is of a much lower 
degree of intensity, and hence such steam mud volcanoes may long outlive the 
immeasurably grander phenomena of the lava-emitting period. It is of course 
necessary that the springs should be boiling , steam at considerable pressure, but 
whose force is dissipated at the vent, being the power involved. A spring of 
water merely, whether hot or cold, bearing a certain proportion of mud to the 
surface, would be equally capable of carrying it away from the mouth of the 
vent, so that although a deposit might be formed, it could not be in the form of 
a crater-bearing cone. 

The volcanoes of Bdmri belong to a different class. There the mud is not 
produced by chemical means, but by mere mixture of shale and clay with water. 

„ The ejecting force is evidently the pressure of gas, which is in large part, at least, 

* Phil Trans., 1873. 

; : , * In both fusion and mud volcanoes mobility is conferred on a certain proportion of rock by 
^l«^lbreiddng up Sufficiently small to admit of ejection along with the fluid materials. 

Zealand,' pp. 401,482. 4/ 

> < SilUmau's Journal, XXVI, 292. 
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light carburetted hydrogen, mixed perhaps with the vapor of the most Volatile" 
liquid petroleum hydrocarbons. 1 Bubbles of this gas are given off from the mud 
cones in their ordinary state, as well as frojp. most of the petroleum wells. 
There are two of the latter at L6taung, about 25 and' 40 feet deep, from which 
the issue of gas is so considerable that it can be heard bubbling up when standing^ 
some yards away from the mouth. I roughly guessed the amount at a cubic foot 
every few seconds, and the villagers say that the well has been in its present state, 
without diminution of either oil or gas, for many years. Here the gas is being 
continuously and quietly evolved. The quantities that (having probably gradually 
accumulated in fissures during long periods) are suddenly liberated during violent 
eruptions of the volcanoes, may be inferred from the foregoing records. 

Recollecting the great tension at which quantities of gas are often stored 
up in coal mines, and the force with which it ©Scapes from the * blowers * 
there, as well as from many bore-holes in the oil regions of America and else- 
where, it is not difficult to conceive that in some cases gas mud volcanoes may 
be caused, where the other necessary conditions are present, by the pressure of 
gas due merely to its continued slow generation from carbonaceous matter at the 
normal temperature of the strata at moderate depths. But given certain coal- 
or lignite-bearing rocks, producing oil and gas ; if they are situated on a lino 
of volcanic heat (although of low intensity, insufficient *to fuse, or materially 
alter, the rocks accompany such carbonaceous matter), the tension of the gas 
and vapor may, doubtless, be greatly increased by the larger proportion of gas, 
compared to that of oil, produced at the higher temperature, and by the increased 
tension duo to a higher temperature, where gas is stored up in a fissure of given 
capacity. In this connection the difference between the petroleum of the 
Irrawadi valley and of Ramri may be noticed. The mud volcanoes of the 
former region have been described by Dr. Oldham as very sluggish, and as never 
exhibiting the fiery paroxysms to which those in Rdmri are subject. At the same 
time the oil is dark colored, is as thick as treacle, or even solid, at £0° F., being 
indeed often spoken of as 4 Rangoon tar,’ and contains paraffine to the extent 
sometimes of more than 10 per cent. The Ramri oilsb are associated with much 
gas, and are themselves sometimes as transparent and light colored as brandy. 
They have a lower specific gravity than the above, and at 60° are perfectly 
mobile. Without venturing to assert that the above differences are due to a 
difference in the temperature at which the oils have been produced, 2 * it may 
be noticed that at Baku on the Caspian, where there are mud volcanoes 

1 Whether the temperature of the emitted gases from the Rdmri saises is ever sufficiently 
high to allow of steam playing any* important part is a question as yet undetermined. Amongst 
other mud volcanoes which are intimately connected with petroleum may he mentioned those of 

Java } those near the eastern shore of the Caspian ; at Baku ; and near the entrance to the sea of 
Azov ; those near Girgenti in Sicily ; and along the northern flanks of the Apennines by Modena 

and Parma, and those in the Island of Trinidad. 

* The occurrence of fragments of unaltered lignite amongst the ejecta from the Rdmri 
volcanoes, although one amongst many indications that the subterranean temperature is far 
below that beneath fusion volcanoes, does not necessarily prove that the temperature may not 
be considerably above the normal one fo& the depth, as such fragments may have been torn from 
the upper part of the vent. 
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subject to fiery eruptions, similar to those of Rdmri, the oil is in part 
of the same pale transparent kind, and is accompanied by immense quantities of 
gas. Abich found the temperature of the soil there to be 59° F., of the 
naphtha 62*5° to 66°, and of the gas-springs 68*5°, and Bischof considered that 
*“ the *low temperatures above given of the exhalations of Abscheron, where 
volcanic action in the depths might be conjectured, exclude the notion that heat 
has any share in their formation. 1 ” Eichwald, however, arrived at a different 
conclusion. “ Near to Baku,” he wrote, u about one-fourth werst from the 
perpetual fire, a heat rises out of a fissure of the shell-limestone, which is so 
strong that the hand con scarcely bear it : hence, from all these circumstances, 
we can scarcely doubt of the existence of a subterranean heating process in 
the peninsula of Abscheron.” 2 Sir R. Murchison, also, has expressed the opinion 
that the mud volcanoes of the Caucasus “ have a deep seat, and are as directly 
connected with internal igneous agency as any other geological phenomena of 
eruption.® ” 

The evidence is clear as to the intimate connection of the R&mri Raises with 
Connection between pnroxys- seismfc phenomena at least. Out of the few eruptions 
mal eruptions and earthquakes. 0 f which accounts have been printed, three certainly, 
and probably four, were synchronous with earthquakes. During the prin- 
cipal shock of the violent earthquake on the 26th August 1833, it is stated 
by Dr. McClelland that flames issued to a height of several hundred feet from 
one of the Kyouk Phyu salses. A similar occurrence took place durifig the 
earthquake of the 23rd March 1839. The submarine outburst near False Island 
of the 26th July 1843 was immediately preceded by a like disturbance. Further, 
during the great earthquake of 2nd April 1762, two volcanoes are said to have 
opened in the Chittagong District. Tf these really were volcanoes, and there seems 
no reason to question it, they were doubtless of t^ie same class as those in 
R4mri. The connection in some cases may lie in the shock sufficiently loosening 
the superincumbent rock to allow the pent-up gas to force a passage : in others, 
it may perhaps be due to a diminution in the size of the fissure, either moment- 
arily during the passage of the wave, or permanently from a partial falling in 
of the sides. In either case a sufficiently increased tension of gas might be 
produced to bring on an eruption. It is noticeable that during the earthquake 
in the last century, when the islands were elevated several feet, no eruptions 
are recorded, and it is specially mentioned that none took place in Cheduba. In 
the Chittagong District, during what was probably the same earthquake, the 
ground was depressed, and two new volcanoes are said to have broken forth. 

Besides the mud volcanoes in the various localities along the flanks of the 
Arrak&n Range, mentioned at page 193, the only 
volcanoes elsewhere in ph enoraenon 0 f the kind in Eastern India that I am 

aware of occurs in Upper Assam. It is thus described 
by Captain Hannay : — “ At Namtchuk Pathar, near the mouth of the river, the 
petroleum exudes from the banks, and a bed of very fine coking coal runs across 
the be4 of the Namtchuk. The hills here are also intersected by ravines, and in 

^ Reology, I, 262, 257. 8# Edin. New Phil. Journal, XIV, 

J 9 Russia and the Ural Mountains, p. 576. 
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one spot an extensive basin or hollow is formed at some height, which contains 
muddy pools in a constant state of activity, throwing out, with more or less 
force, white mud mixed with petroleum. This is indeed a strange looking place, 
and I am told by the Singphos thfit at times there is an internal noise as of 
distant thunder, when it bursts forth suddenly, with a loud report, and then for' 
a time subsides. 1 ” 

On the borders of Western India, in the Beluchistani District of Lus 
(north-west of Kar&chi), numerous mud volcanoes are scattered over a large area. 
They have been described by Captain Hart, 2 and subsequently by Captain Robertson 3 . 
A copy of one of the latter officer’s sketches may be found in Lyell’s Principles 
of Geology. Although some of the cones there would appear to be on a larger 
scale than those in the R&mri group of islands, no mention is made of violent 
eruptions, either with or without flames, 4 nor of ejected stones. In one case, 
indeed, Captain Hart specially mentions that the entire cone is of mud, without 
stones. If eruptions at all resembling those of the R&mri salses had taken place 
within the memory of the then existing generation, the above observers could 
scarcely have failed to hear of them. It would seem as if the cones have been 
raised by emissions of mud, insignificant individually, but continued during lengthy 
periods, or else that the period of violent eruptions is over, and that the stony 
ejecta have been cohered by the later more tranquil emissions of mud alone. 


On the mineral resources of Ramri, Cheduba, and the adjacent Islands, 
by P. R. Mallet, P.G.S., Geological Survey of India . 

In 1877 the existence of coal in the southern part of Ramri was brought 
to the notice of Colonel Sladen, Commissioner of 
Arrakan, by Mr. W. Savage, who had examined the 
coal-bearing locality, and who forwarded a short memorandum on’ the subject. 
In this he described the excavations he had made at Tsetamd, and pointed out the 
favourable position of thq coal with regard to water carriage. The Hon creek, 
Mr. Savage remarked, is navigable for boats of 6 or 8 tons to within a quarter 
of a mile of «the coal, while the mouth of the same creek is open to vessels of 
500 tons. Specimens of the coal, sent to the Geological Museum, proved on 
assay* to be of passable composition. Subsequently I was directed to visit the 
islands and examine this locality, aa well as any others in which indications of 
coal had been observed. 

Previously to my visit, Mr. Duke, the Deputy ' Commissioner, had issued 
instructions to the Tehsildurs to send information, accompanied by specimens, of 
any coal-like substances known to occur in their respective townships. Altogether 

1 Journ. As. Soc., Bengal, XIV, 819* 3 Trans. Bombay Geograph. Soc., II, 87. 

* journal Bombay As* Soc., Ill, 8 (January 1850). 

4 Captain Robertson mentions that a lighted stick held over an aperture from which bubbles 
of gas were escaping produced no effect. -jEt would be somewhat rash, however, on the strength 
of this solitary and somewhat rough experiment to assume that the gas generally is non- 

inflammable, * 
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Specimens were received from eight different places, all of which I went* to. 
The coal at five of them, however (viz., Pharungjuan Island, about 10 mites 
north-east of Kyauk Phyu, Then Ghaung, Kangautau, Thitpoktaung and Sengu), 
turned out to consist merely of lenticular^ nests of lignite, or of stems, partly 
carbonized and partly silicified, such as have been described in the foregoing paper 
(p. 191). As sources of fuel they are of course perfectly useless, and do not need 
any further remark. The coal at Tsetama, and near Pallang Roa in Gheduba was 
found to occur in true beds. As 1 have already briefly sketched the geological 
character of the R&mri strata, I may here proceed at once to describe the 


West of TBetamk 


coal itself. 

The locality where the best seams, hitherto found, outcrop is rather less than 
a mile west-10°-north of Tsetama village. In the 
bed of a small nulla, at a spot some 30 feet above the 
foot of a range of hills, which are a few hundred feet high, and composed of 
sandstone and shale, the following section (given in descending order), was 
exposed by digging : — 

* Ft. 1$. 


Gray shale, seen . * . • .3 

Coal, with two or three thin partings of carbonaceous shale 6 
Brown shale, ^seen . . . . . 1 

Dip south-20°-west, at about 50.° 


Fifteen yards lower down the nulla there is another outcrop, 
section is as follows : — 


Ft. 



Shaly sandstone, seen 
Shaly coal 

Carbonaceous shale . 
Coal 

Carbonaceous shale . 
Coal 

(fray shale, seen 


. 3 0 

. 0 8 

. 0 1 

. 0 4 

. 0 3 

. 1 1 

. 2 0 


Coal in seam 
Carbonaceous shale 

Thickness of seam 
Dip west, at 60°. 


. 2 1 

. 0 4 

. 2 5 


The coal in both seams is somewhat shaly looking as a whole, although, some 
layers are much better than o'thers. It is strongly laminated ; and this, combined 
with jointing, causes most of it to break up small. The greater portion cannot 
be extracted in lumps. Some improvement in this respect might, however, be 
hoped for at a greater depth, with respect to freshly raised coal, but such coal 
would probably not admit of storage for any length of time without deterioration. 
The above outcrops remind one much of those of the inferior coal seams in 
Upper Assam, which there is some reason to believe are of the same age. I 
have shown in another report 1 that some of the coal there when freshly Raised 
ioderate depth is hard and firm, but falls to pieces after being .exposed 
The specimens sent by Mr. Savagp underwent a similar deterioration 
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within two or three months, due mainly to the production of minute crystals 
of copperas from oxidation of the pyrites in the coal. 

Several pits were sunk by Mr. Duke’s orders on the hill side a little above 
the nulla. Coal was obtained in some of these ; it, however, probably belongs to 
the same seams. The strike is very irregular. 

A little below the 2 # 5* seam there is one of very fair coal ; but it is only 
about a foot thick. 

Pn a low hill north-east of Tsetama, or about a mile and a half east-north- 

„ m , east from the last locality, the following section 

North-east of Tsetama. . o 

was exposed : — 

Ft. In. 


Brownish shale, seen . . . .20 

Carbonaceous shale . . . .07 

Brownish gray shale . . . .01 

Carbonaceous shale with some coal . . . 0 ,7 

Grayish shale, seen . . . .16 

Dip so uth -30° -west, at 80°. » 


Near to this there is a spot where fragments of coal are strewn about, and 
from which, the villagers with me said, Major Williams had dug some coal 
about 30 years ago. His excavation is, however, now filled up, and after several 
attempts I failed to unearth the outcrop. 

In a small stream descending the hill north-east of Pallang Boa, in the 
Pallan Roa southern part of Cheduba, three spots were pointed 

* e ' out to me about 30 yards apart. In one of these 

was a bed of coal 2' 6" thick, with brownish gray shale above and below it, 
dipping east-20°-sonth at 40°. It is similar in appearance *to the brittle coal at 
Tsetama. In the second spot there was merely a few inches of carbonaceous 
shale, and in the third two or three feet of a more recent sandstone containing 
angular fragments of coal similar to that in the 2' 6* seam. 9 

Discoveries of coal have also been reported from more than one locality else- 

South of Pagoda Hill where. Thus Captain Halsted in 1841 described 

a seam which occurs less than a mile from the beach 
to the south of Pagoda Hill. It dipped at a high angle and was three and a half 
feet thick, but appears to have been carbonaceous sandstone rather than coal. 
Captain Halsted “could not make it ignite, it only ^mouldered.” 1 

Coal was also reported from near Kyauk Phyu in 1833, and some excavations 
^ ^ made to expose the outcrops. One seam is described 

^ au y * as being nearly vertical, from six inches to a foot 

in thickness, and- as containing much pyrites. Coal was found in one or two 
other places also in small quantity, but the descriptions given lead one to suspect 


Near Kyauk Phyu, 


that it was nothing more than carbonized stems. 2 

A spot was pointed out to me at the north-west comer of Tongreh Island 
(about 10 miles north-east of Kyauk Phyu), from which some black stuff had 
been brought. It had been dug from an irrregular bed, three to six feet thick, of 


1 Joum. As. Soc., Bengal, X, 444. 

* Joum. As. Soc„ Bengal, II, 595; X, 144. 
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carbonaceous sandstone, containing perhaps 15 per cent, of combustible matter. 
As fuel, it was of course quite useless. 

It will be seen, then, that the indications at Tsetam£ are much more promising 
Prospect of working Tsetamd than those anywhere else, and it remains for me to 
coal. give my opinion as to the prospect of successfully 

working the coal there. . 

I have already pointed out that, like that of Upper Assdm, it may be divided 
into hard and soft coal. The former is unweathered at the outcrop and can be 
extracted in large pieces. But only one bed, a foot thick, has been discovered of 
this kind. The soft coal is broken and crumbly at the surface, but may improve 
at some depth. Such coal, however, would not be likely to admit of storage for 
any length of time without deterioration. 

The following assays have been made to determine the composition 


Seam. 

Pised 

carbon. 

Volatile 
matter 
(exclusive 
of Water). 

Hygrosco- 
pic water. 

Ash, 

Caking 

properties. 

Color of ash. 

Tsetamd (sent by Mr. 

1 43-5 

. 288 

8'4 

193 

Cakes very 

Reddish gray. 

Savage). 

6 feet Beam, T set am 6, 

384 

289 

U-6 

181 

slightly. 

Does not cake. 

Light gray. 

1 foot Beam, Tsetama 

48*6 

33*1 

108 

7‘5 

Cakes. 

Red. 

North-east of Pallang Roa 

361 

287 

162 

190 

Does not cake. 

Pale rpd. 


The average composition of Raniganj coal, deduced from the assay of 31 
samples, and of coal from the Sanktoria seam, which may be taken as a fair 
example of the best class of Raniganj coal, such as is supplied to sea-going 
steamers, is as follows 1 : — 



Fixed carbon. 

Volatile matter 
(exclusive of water.) 

Hygroscopic 

water. 

Ash. 

Average 

5320 

25-83 

4-80 

1617 

Sinktoria 

61*40 

23-20 

2-20 

1820 


It will thus be seen that the Ramri coal is decidedly inferior to the R&niganj, 
and experience of nummulitic coal elsewhere shows that no marked improvement 
in composition can be hoped for at a greater depth from the surface. 

The quantity of coal to be expected depends mainly on the thickness of the 
seams, "their continuity and number. There is at least one known of sufficient 
thickness for convenient mining. With regard to their continuity, it would be 
hazardous to express any definite opinion. No natural sections are available by 
which any of the seams can be traced along the strike, and the attempt to do so 
by excavation would be a work involving a far greater expenditure of time and 
money than my instructions would have warranted. Disappointment hails before 
now teq)erienced in Pegu in attempting to work similar coal, which on the 
OtjgM ou seemed to hold out good prospects of success, but which was 

1 Kflc, G. S. I, vol. X, 156. 
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found on trial to die out rapidly. 1 On the other hand, the seams of nummu* 
litic coal in Upper Assam have been traced in several cases for long distances. 
As for the number of the R&mri seams, there is of course a possibility of other 
beds being discovered, better perhaps than any at present known, but the natives 
of the locality, intimately acquainted with their jungles, say they possess no know- 
ledge of any others than those described above. To search for outcrops at ran- 
dom in a country where the rocks are so obscurely seen, and without a map,* would 
be mere waste of time. But I think it may bo predicted with some confidence that 
coal will not be found in anything like abundance. Where rocks are tilted up on 
edge, like those in question, any seams included in them must necessarily be cut 
through by streams running across the strike, and, in such cases, if the coal exists 
in any quantity, ample indications of its presence are generally afforded by the 
fragments, and often large lumps, washed down. But nothing of the kind is to 
1x3 found amongst the shingle of the main streams near Tsctama, which drain 
many square miles of country. 

With reference to the extraction of the coal^ the high inclinations of the seams 
would preclude quarrying on any but the mo.^t insignificant scale. The coal 
could only be raised in any quantity by mining, and mining in seams with such 
high and irregular dips would not be of the simplest kind. ^ 

Altogether, then, the prospect of successfully working the coal is not promising. 
Assuming, even, that the quantity is sufficient, the difficulty of mining it would 
necessitate a skilled European manager on a good salary, and to cover that 
expense a considerable quantity of coal must be raised. But the local demand is 
trifling, and beyond the sea, the mediocre quality of the coal and the expense 
of mining it, would, I am of opinion, prohibit its competing on even terms with 
the easily-mined and superior coal from Raniganj. Sea-going steamers, with 
Bengal and English coal at command, would certainly not take such coal as that 
which has hitherto been found in Raniri, and I do not think it could be raised 
at such a price as to find a market even for local purposes at Akyab. • 


In the preceding paper I have alluded to the connection between the mud 


Petroleum. 


volcanoes and petroleum, and to the difference be- 
tween the oils of Ramri and those of the Irraw&di 


valley. In as far as one can form any definite idea from mere description, the 
oil-bearing rocks in both regions would appear to bear considerable ’resemblance 
to each other, 3 and it has been stated by Mr. W. Theobald that they are cer- 
tainly of the same geological age. 4 I think it can scarcely be doubted that the 
lignitiferous beds of Ramri and Cheduba are the true oil-producing as well as 
oil-bearing rocks. 

In the Baranga Islands, however, although the oil is of the same character as 
that from BAmri, a marked difference is apparent in the rocks from which it 
issues. These are shales and sandstones of very constant character, without 

1 Selections from the Records of the Government of India (Home Department), No. X, p. 99. 

9 The revenue map does not even process to mark the hills or streams. 

9 Mission to the Court of Ava, p. 312. 

4 Mem. G. S. L, X, 163. 
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the irregular calcareous nodules and nodular masses which are so generally 
characteristic of the beds in Rdmri. I have never observed any appearance of 
either calcareous or carbonaceous matter amongst them. The shales are gray, 
brittle, sometimes slightly unctuous, often more or less arenaceous ; they are fre* 
quently somewhat clunchy. The sandstone is generally gray or greenish-gray and 
tolerably fine grained, and is interbanded with the shale. The strike of the rocks 
is extremely regular, often running in a straight line for miles, and indeed vary* 
in g little from end to end of the islands. The strata are thrown up at highjn- 
dinations, generally dipping at angles between 60 and 90 degrees. I am inclined 
to believe that the calcareous and ligmitiferous rocks are rolled up with the above, 
and that it is from the former that the oil is originally derived in the Barangas 
as well as in Bsmri. It is true that they do not appear in any part of the 
Bar&ngas that I have visited, but my acquaintance with the islands is very 
limited, 1 and it is not impossible that, owing to less capability of withstanding 
denudation, they occupy the submarine areas between the islands. The similar- 
ity of the rocks in the three Bargngas, and the observed dips, lend some little 
support to the idea that the £hadu and Chengdamma channels may mark the 
position of anticlinal bends with a synclinal between in the position of the middle 
island. 

The digging of oil wells appears to have been carried on by the inhabitants 
of BAmri and Cheduba for a long time past, and at the present time such wells 
are worked in numerous localities. None of them, however, have been sunk to 
any great depth, and the scale on which the industry is conducted is compara- 
tively trifling. It does not appear to be in the hands of any special class. About 
the end of December, or early in January, when the rice crop has been harvested, 
and the villagers have spare time on their hands, some of them take to well-dig- 
ging as a means of adding to their income. The oil season lasts from that time 
till the rains, when the wells, which are most frequently sunk in, or close to, the 
bed of somfc nulla, get filled with water, and are often choked up entirely by 
debris washed into them. 

The" wells are of two classes — those which appear to be in communication 
with a natural reservoir, from which the oil, generally accompanied by large 
quantities of gas, rises with considerable rapidity, and those sunk in rock more 
or less soaked with petroleum from which the oil slowly exfiltrates into the well. 
The latter case imitates on a small scale the process which has been going on 
for ages on a large one in the case of the natural subterranean fissures.* 

To the forme# class would appear to belong the wells at Ldtaung near the 
western coast of B&mri. One of these is about 25 feet deep and 4 feet square. 
It is lined with wood throughout, so that the rock cannot be seen. At the 
bottom is water covered by a stratum of oil, through which a rather large 
quantify of gas bubbles up, chiefly from one corner of the well. The oil is 
ifttewn morning and evening, and the yield is said to be 15 bottles $ach time: 

however, cannot be placed on figures supplied by the ownexb or 
of the wells. Another well of the same kind, about 200 yards north- 

" ■ f — 

* It is said that lignite has been found on the Eastern Bar&nga, but the exact locality la 
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west of the above, is about 40 feet deep, with water and oil at the bottom, which 
Seems to- boil gently from the issue of gas. The yield is said to be about 
25 bottles twice a day. I was told that these wells have been in existence since 
the time of the Burmese domination, and that the yield of oil has not diminished. 
I am unable to say whether this statement is correct. The yield of oil, however, 
is only a few gallons a day, a quantity that a large reservoir, tapped only by a 
small duct leading to the bottom of the well, might supply for a very long 
periqd. The locality is worth notice. Close to the north-westerly of the above 
wells a new one was being sunk, in which the rock below the surface soil was a 
gray clay with a tendency of a peculiar kind of irregular flakiness. The strike 
cannot be seen, but to the north-east of the wells there is a ridge (doubtless 
as usual parallel to the strike of the beds composing it) running north-west — 
south-east, or parallel to the direction the wells bear to each other. It is 
noticeable that the clay from some wells that were being sunk last December 
at the village of Tsi Chang (near Kyauk Phyu) was of a character similar to that 
at the Letaung wells, and that the oil was of a similar kind also, both in color 
(a pale yellow) and in specific gravity. t 

The not unfrequent fiery eruptions from one or other of the mud volcanoes 
occurring in a line near Tsi Chang leave but little room for doubt that there is a 
‘ fissure beneath them, in which large quantities of gas are generally stored up, 
and it is at least highly probable that a considerable quantity of oil is associated 
with the gas. A lucky boring might strike a spouting reservoir of great capacity, 
but of course such an undertaking would be of a speculative kind. There are no 
data to determine at what depth the oil is stored, nor what the inclination of 
the fissure may be, whether vertical or at a greater or less angle. A boring 
therefore sunk actually along the line of vents might miss it 'altogether. A few 
holes, however, sunk in a line at right angles to the line of vents, could hardly 
fail to strike it if sunk sufficiently deep. The experiment would certainly be 
an interesting one whether rewarded with success or not. » 

Gas is stored beneath the other active volcanoes also, but the linear arrange- 
ment of the Kyauk Phyu vents gives a better clue to the direction of the fissure 
than is obtainable elsewhere. 

The wells in the southern part of the eastern Baranga, from which Mr. Savage 
has recently obtained such encouraging results, are evidently of the class ;aow 
alluded to. They are sunk in gray shale which.splits with a rather smooth 
fracture having a slightly unctuous feel. The bedding is veiy nearly vertical. 
It appears from the official correspondence on the subject that “ Mr. Savage 
dug two wells about 500 feet apart, and then commenced boring. On the 
25th February he struck oil in one well at a depth of 66 feet; the oil at 

once rose in the well to a height of four feet ; it kept at this level for 

about seven days, and in that time yielded, Mr. Savage thinks, 1,000 gallons 
a day ; since* then the oil has remained in the bore-hole a few feet below the 
botftm of the well, and 120 gallons or more a day can be dipped out with a 
dipper. A great deal of the oil escaped from the well through fissures.” “ The 
well at its mouth was some 15 fet& in diameter, and had been dug with those 
dimensions of a depth of some 30 feet. Here boring commenced, and had been 
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carried to a depth of 36 feet only, when the workmen were surprised and .terri- 
fied by a sudden outburst of gas and oil, accompanied by loud subterraneous 
sounds, as of distant thunder. They had only time to make their escape up the 
ladders of the well before the oil and gas poured in in quantities that would other- 
wise have made their position a very perilous one.” “ Four days after Mr. Savage 
struck oil in the second well at a depth of 68 feet under similar circumstances, 
but the gas appeared stronger, making a great noise. About 150 gallons a 
day can be dipped out of this well The oil is clear and liquid ; large quan- 

tities of gas continually escape not only in these wells, but in all other wells of 
small depth which arc in the locality.” 

Of the second class of wells those near Minbain are amongst the most im- 
portant. There are several scores of them, about a mile and a half north of the 
village, in an alluvial plain which is cut up by numerous nallas, which join and 
eventually drain into the Phultdnu naddi. The wells are all sunk either in or 
close to the beds of the nallas, such being of course the lowest ground in the 
locality. They occur in groups of a dozen or twenty, the groups not being very 
far from each other (say one or two hundred yards), and the wells within a few 
feet or yards of each other. They are about 4 feet diameter, and vary in depth 
from 5 or 6 to 10 or 12 feet, and are all sunk in a rather tough grey clunch, 
which is generally covered by a foot or two of surface soil. Jn some wells tho 
clunch towards the lower part is entirely soaked with petroleum, but more 
frequently the oil soaks the rock in patches, which have a darker color than the 
rock which is free from it. Although none of the wells are in communication 
with anything approaching the dignity of a fissure, there are evidently divisional 
planes and minute cracks which allow the oil to rise more freely in some spots 
than in others. At the bottom of the wells holes about 8 inches diameter and a 
foot deep are dug in the oleiferous patches of rock, in which the oil accumulates. 
It is collected twice a day ; according to the sinkers, a good well will some- 
times yield ^ or 5 bottles twice during tho first day, but the yield rapidly 
diminishes. A few wells are failures, and yield no oil. One of the head men of 
Minbain, who was engaged in the well-digging, informed me that they are worked 
from about the beginning of December till the commencement of the wet season. 
The wells being mostly in the beds of nallas, of course get filled with rubbish 
every rains, but, as the yield diminishes so much with age, the diggers do not 
mind this, and open others in* fresh spots every year. The annual yield is said to 
be about a thousand rupees worth of oil of late years. It is sold at six bottles 
per rupee. The total, therefore, would be 6,000 bottles or about 1,000 gallons. 

In the ridge which stretches along the sea coast from Likmau to Minbain, 
the strata have a dip throughout to south-west. The dip is very obscure in the 


ridge between the wells and Thengchaung, and it does not seem to be regular, 
but I observed some apparent indications of its having a general easterly ten- 
dency. If this be the case, the oil-bearing rocks near Minbain am probably at 
or near the axis of an anticlinal bend, a position which in many oil regtons 
(sbrne ol $fcose in America and Japan for instance) has been found a most 


one for well-sinking. 


The presenfrwells, as will have been seen, have 



at the surface. 
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t 

A#nile or so north-west of Kangautau, there are a dozen or so of oil wells 
in the bed of a nalla of the same character as those at Minbain. They are 
sunk in a gray, more or less argillaceous sand (disintegrated sandstone P), some 
being lined with bamboo wickerwork. They were first opened last year. The 
best well, as I was told, yielded eight or ten bottles of oil the first day, but the 
yield rapidly diminished. 1 

The following table contains as complete a list as I have been able to make 
of thp localities in the R&mri group of Islands and the Bar&ngas, where oil has 
been obtained or indications of it observed. With reference to the Barhngas it 
should be remarked that the results given are, with the exception of those 
connected with Mr. Ravage’s wells, those obtained up to the time of my visit. 
Boring operations had, however, then only just commenced, so that the small 
quantities of oil mentioned cannot in themselves be taken as any evidence of 
a scanty supply. 

1 Captain Halsted states that in Cheduba oil is collected by turning up the soil, where 
oleiferous, to a depth of 2 feet, and surrounding it by a bank of earth, so as to form a shallow 
pond during the rains, about 20 yards square ; gas and oil rise through the water, the latter of 
which is skimmed off and collected. (J. A. S., B., X, 369). This crude method was not practised 
in any of the oil-bearing localities I visited. • 
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About li miles west of Nagadweug, near the 
village of Prairoa, there is said to be a pool 
of the same kind as that at Nagadweug, but 
of smaller dimensions. 
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Limestone is very plentiful in B&mrL One of the most important localities 
^ is just north of the Yanthek creek, about two miles 

north of the village of the same name. The root 
there is yellowish- white or occasionally reddish. It is rather brittle, and gener- 
ally has a tolerably smooth fracture. Some parts have a tine granular structure. 
It includes strings and seams of calcspar, which weather out prominently from 
the mass of the rock, but it is free from chert and from interbeddcd layers of 
other rock. The bedding is generally obscure, and masses 20 feet thick occur in 
which none is apparent. In places, however, the rock has a slight tendency to 
flagginess. The dip and strike seem to be very inconstant. The supply is 
unlimited. I myself saw the stone to be continuous over an area of many acres, 
forming rocky hillocks 20 to 40 feet high, and the villagers with me said that it 
extends over an area four kos in circuit. The limestone is situated close to 
a tidal creek which joins the Yanthek creek within 200 yards, so that there is great 
facility for exportation. 

The analysis of a carefully chosen average sample, made up of pieces from 
several of the small native quarries, yielded — 


Calcium carlxmate 

, 

. 94*4 

Magnesium carbonate 


*5 

Ferrous carbonate (with some Fe t 0 3 & Al a O a ) 

. 

. 1*5 

Insoluble (mostly clay) 


. 3*6 

1000 


The manufacture of limo is earned on in the neighbourhood, but not on any 
large scale. The rock is quarried with crowbars and hammers, having been pre- 
viously heated by brushwood fires : gunpowder is not used. The kilns in which 
it is burned are circular, about 8 feet in diameter at the top and rather more at the 
bottom, with a depth of about 10 feet. They are dug out on a steep clay-bank, 
and have one orifice in front at the bottom about 18 inches diameter. There is 
a low clay wall round the top. 

The lower part of the kiln is filled with logs of wood and the upper with 
broken stone in pieces up to some inches diameter. After some days, when the 
fire has burned out, the top portion of the stone, which is only partially burned, 
is removed separately, and the lime then withdrawn and# slaked. Salt water 
from the creek is used for this purpose, as being the nearest at hand, but it is 
by no means calculated to improve the lime. The half-burned stone is addod to 
the next firing. The slaked lime is sold at the kilns at the rate of twenty rupees 
per hundred mans (maunds). 

Limestone of a very similar character to that at Y&nthek also occurs in 
large quantity near Tsinbok. It is a yellowish- white rock looking like indurated 
chalk. Besides veins of calcspar it contains an occasional nodule of chert, 
which I have not observed in the rock at Yanthek. There are at least two out- 
crops to the south-west of the village, at one of which the . limestone forms a 
hillock 30 feet high. From this alone a very large supply could be obtained, and 
it is within less than a mile and & half of a tidal creek. The composition of the 
stone is very similar to that of the Yanthek rock. 
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Between Tsetamfc and Kyauk Tydn a different kind of limestone (p. 192) 
occurs in practically unlimited quantity. It is remarkable as being an almost 
pure carbonate of lime, there being hardly any matter in it insoluble in acid, 
and only traces of iron and magnesia. 

Limestone also occurs, although in less abundance, at Thdn Chaung, Tengbain, 
A116 Chaung, Tsind, and Amherst Island. Doubtless it is to be found on Cheduba 
also. In the Bardnga Islands, however, I observed no calcareous rock anywhere. 

Besides true limestone, recent coral, owing to the elevation that the R&mji 
group of islands underwent during the last century (p. 190), occurs in large 
quantity along the coast m many places, where there are rocks that afforded the 
coral animals a secure foundation to build on. Amongst other localities may be 
mentioned the rocky point west of Kyauk Pbyu and the similar point at Likmatk. 

It will thus be seen that thero is an exhaustless supply of lime in the islands 
conveniently placed for export Mr. Theobald, also, mentions at least one spot 
on the coast of Arrakan to the south of Sandoway whore limestone occurs in 
unlimited quantity and in a most favourable position with respect to shipment. 1 * * 
It is open to consideration whether the lime of Arrakan could not compete 
on paying terms in the Calcutta market with the Sylliet lime which is subject 
to the long and tedious river navigation from Chhdtak. 

In some places, as at Kyauk Tyan and Amherst Island, there are gypseous 
shales through which crystals of selenite are sparsely 
Gypsum. disseminated These are to be found scattered abont 

on the surface of the ground, owing to the weathering away of the rock. It 
would be difficult, however, to obtain more than a few sers of them, and as a 
source of gypsum they are perfectly useless 

It appears from Dr Spry’s paper on Kyauk Phyu written in 1841, that salt 
was at that time made there from sea water by solar 

o„u * 

* evaporation, and sold by the people to Government at' 

7 annas a man * The manufacture has, however, been extyict for many years past. 

Limpid rock crystals occur in some of the seams of the cherty rock men- 
tioned at p! 192, and are collected sometimes by the 
Bock crystal. villagers But they are too small to be of any 

commercial value 

In the twelfth volume of the Asiatic Society’s Journal an account is given 
of* an alleged discovery of nativo copper on Round 
Island. The specimens were found in 1843 by a 
Mug who was employed by Captain Williams to 
search for coal. Captain Williams sent them to Mr. Piddington, who pronounced 
them to be, “ nodules of native copper, with red and black oxide and silicate 
of copper.* ” He also speaks of them as “ rolled native (virgin) copper” “ with 
& coating of red oxide and the blue and green carbonates. 4 ” 


Alleged discovery of copper 
on Bound Island. 


1 M e m oi rs, x, 845. 

, * As. Soc., Bengal, X, 144. 

> kmM* As. Soc., Bengal, XII, 888. t 

jglVMd 914), 806. A very extraordinary analysis was given by Mr. S. Mornay, who considered 
t to be all alloy of copper, titanium, mercury, lead, cobalt and iron. 

M7 ft 
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The locality seemed an unlikely one for copper to occur in, but before my 

visit to the island, the Deputy Commissioner, Mr. Duke, made enquiries on the 
subject, with, however, a negative result. Subsequently I went to Bound Island, 
and found the hilly ground there to consist, as was anticipated, of stratified 
rocks similar to those of B&mri and Cheduba, and therefore of presumably 
early tertiary age. The occurrence of copper in such rocks would be most 
unusual. No one that I questioned on the subject had ever heard of copper 
having been found in the island. 

Not long ago whilst arranging the series of Indian copper ores in the Geolo- 
gical Museum, I lighted on a tray containing a number of very irregularly shaped 
pellets from the size of a grain of shot to that of a large pea or more. They 
were composed of bronze-colored metal with a coating of red and black oxides 
and green carbonate of copper and with a few rolled grains of quartzose sand 
adhering to them. The accompanying label ran “ Copper ore from Flat Island 1 
off the south-east end of Bamri ; presented by Captain Williams.” On assay, 
the pellets were found to be an alloy of copper and tin, one which has never yet 
been found native, but which, artificially manufactured, is used to a considerable 
extent amongst the Burmese. It is clear therefore, that the metal found by the 
Mug was not native copper but artificial bronze, which, judging from the condi- 
tion in which it was unearthed, had probably lain buried for a very long period. 


ADDITIONS TO THE MUSEUM. 

# (From 'January to March 1878.) 

. Donors. 

Burmese petroleum, and series of liquid and solid products manufactured there- 
from. * 

# ■ The Bangoon Oil Company. 

Specimens of zincblende from near Giridi ; argentiferous galena from Phaga 
(seven miles south-east of Danda, Bh&galpur District) ; and gray copper 
ore with barytes from J abalpur District. 

W. G. Olpherts, Esq. 

Copper pyrites in Kaladgi limestone (Madras Presidency). 

Dr. Thorpe. 

« 

Two series of minerals (by exchange). 

Mineral Department, British Museum. 
SERIES I. 

Aikinite in quartz, Beresowsk, Urals, Bussia. 

Anorthite, with biptite and pyroxene, Monte Somma, Vesuvius. 

„ var. Amphodelite, with pyroxene and copper pyrites, Tunaberg, 
Sweden. % 

1 la the Original papers in the Asiatic Journal there is a confusion between Round and Flat 
Islands— Fide p. 904. 
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Anthosiderite, Antonio Pereira, Pernambuco, Brazil. 

Aeschynite in orthoclase, Ilmen Mountains, Orenburg, Russia. 

Apatite, massive, Krageroe, Norway. 

„ „ Lofthuus, Norway. 

„ var. Phosphorite, Estramadura, Spain. 

Arseniosiderite, Roman£che, Saone et Loire, France. 

Alunite in crystals and massive, Tolfa, near Civita Vecchia, Rome. 

„ massive, Bereghszasz, Hungary. 

Aurichalcite, with caldite, Matlock, Derbyshire. , 

„ with wad, Monte Poni mines, Sardinia. 

Berzelianite in calcite, Skrikerum mines, Smaland, Sweden. 

Boulangerite, with galena, Ober-Lahr, Rhine. 

„ „ Sala, Sweden. 

Beudantite in interstices In limonite, Montabaur, Nassau. 

Biotite, with hornblende and augite, Monte Somma, Vesuvius. 

„ from the granite of Lake Baikal, Irkutzk. 

„ with muscovite and orthoclase, Ilmen Mountains, Orenburg, Russia. 
Brochantite, with quartz and limonite, Roughten-Gill, Cumberland. 

Covellite, with calcite aud massive gersdorffite, Sangerhausen, Thuringia. 

Calomel in crystals, with ochreous limonite on a micaceous sandstone, 
chellandsberg, .Rhenish Bavaria. 

Cotunnite on a scoriaceous leucite lava, Vesuvius. 

ChioHte, Ilme%Mountains, Orenburg, Russia. 

Chrysoberyl, with manganese-garnet, smoky quartz and albite, Haddam, 
necticut, U. S. A. * 

„ with garnet and mica in quartz, Marschendorf, Moravia. 

Cervantite pseudomorphous after stibnite, with crystalline massive ditto, Borneo. 
Crocidolite, Asbestos Mountains, Orange R., South Africa. 

Cancrinite (yellow), with elceolite, mica and felspar. Marienskoi mine, Tunkinsker 
Mountains, Lake Baikal. 9 

„ (pinkish), Ilmen Mountains, Orenburg, Russia. 

Cronstedtite, with quartz, chalybite, copper pyrites, chlorite and mispickel, 
Cornwall (mine not yet ascertained). 

„ with limonite in iron pyrites, ditto. 

Chloritoid, with quartz on a gneissoid rock, Pregratten, Pusterthal, Tyrol. 
Chamoisite, Chamoison, Wallis, Switzerland. 

„ var. Berthierine, Bourgogne, France. 

Clinoclase, with wad on quartz, St. Day, United Mines, Cornwall. 

Coquimbite, with copiapite and chalcanthite, Copiapo, Coquimbo, Chili. 
Domeykite, Copiapo, Chili. 1 

„ var. Condurrite, with cuprite, Condurrow mine, near Redruth, 
Cornwall. w + 

JMpyre, Vall4e de Castellon, St. Giron, L’Ariege, France. 

Baden. . f 

s, with copper pyrites in a silicious matrix, Parade Tatra 


Mos- 


Con- 




Mountains, Hungary. 
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Enargite crystalline massive, with copper pyrites in a silicious matrix, Parad, 
Tatra Mountains, Hungary. 

Euphyllite, with tourmaline, Chester Co., Pennsylvania, U. S. A. 

Euchroite, on mica-slate coated with ochreous limonite, Libethen, Hungary. 
Epsomite, Calatayud, Aragon, Spain. 

Ekmannite, Bruns jo iron mine, Arebro Lan, Grytbytto, Sweden. 

Fergusonite in quartz, with black mica and a little felspar, Ytterby, Sweden. 
Fibroferrite, Copiapo, Chili. 

Greenockitc* with calcite and chlorite, near Bishoptown, Renfrewshire, Scotland. 
Glaucodote, with copper pyrites, Hakansboda, Sweden. 

Gearksutite, with clialybite in cryolite, Evigtok, Arksut-Fjord, West Greenland, 
Hessite or Petzite, Sawodinskoi mine, Altai. 

Hydro talcite, with serpentine, Snarum, Norway. 

Herschelite, with phillipsite and mealy zeolite in cavities in a lava, Aci Castello, 
near Aci Reale, Sicily. 

Hydrophite, with serpentine, Taberg, Wermland, Sweden. 

Hjelmite in albite, Fahlun, Sweden. i 

Hatchettite, with chalybite, bitumen and quartz in cavities in clay iron-stone, 
Merthyr Tydvil, South Wales. 

Jadeite, China. 

Jefferisite, Westchester, Pennsylvania, U. S. A. 

Knebelite, Dannemora, Sweden. 

Killinite in granite, Killiney Bay, Co. Dublin, Ireland. 

Karstenite, S chaff hausen, Rhine. 

„ Gmiinden, Austria. 

„ with salt, Salzburg. 

„ with haematite, Ha®, Tyrol. 

Lead (native), in granular hausmannite, Pajsberg iron mines, Philipstadt, 
Wermland, Sweden. % 

Levyne, with mesolite in cavifles in a trap i*ock, Little Deer Park, Co. Antrim, 
Iroland. 

Liroconite, with clinoclase, St. Day, United Mines, Cornwall. 

Lanarkite, with leadhillite, caledonite, cerussite, and pyromorphite, Leadhills, 
Lanarkshire. 

Minium, The Eifel, Rhenish Prussia. 9 

Meliphanite, with mica and allanite in felspar, near Frederikswarn, Norway. 
Mellilite, with pseudonepheline and apatite on dolerite, Capo di Bove, near Rome, 
„ Monte Somma, Vesuvius. 

Mosandrite, with black mica in zircon syenite, Langesund Fjord, Brevig, Norway. 
Megabasite, with fluor and molybdenite in quartz, Schlaggenwald, Bohemia. 
Manganocalcite on quartz, Schemnitz, Hungary, 

Nagyagite, with mullerite, and quartz, mingled with rhodochroisite, Nagyag, 
Transylvania. 

„ in crystals, with quartz^ blende, and Vhodochroisite, ditto ditto. 
Natron, Egypt. ' 

Ozokerite, Gallicia, Poland. 
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Perofskite, with clinochlore in crystalline limestone, Achmatowsk, Urals. 
Pyrochroite in magnetite, Pajsberg iron mines, Philipstadt, Wermland, Sweden. 
Phenakite, with small crystals of quartz in an ochreous limonite, Frammont, 


„ in bright crystals on an albitio granite, Ilmen Mountains, Orenburg, 
Russia. 

Phenakite from the emerald mines of Ekaterinburg, Perm, Russia. 

Pyrosmalite, with hornblende on magnetite, Nordsnarken, Wermland, Sweden. 

„ with hornblende and chlorite on magnetite, ditto ditto ditto. 

* Penninite, partly encrusted with small crystals of garnet, Zermatt, Switzerland. 
Prochlorite, with copper pyrites and quartz, Cornwall. 

„ with dolomite on magnetite, Traversella, Piedmont. 

„ var. Ogcoite, St. Gotthard, Switzerland. 

Pharmacolite, with erythrite on carbonate of lime, with galena, Wittichen, Baden. 
Predazzite, Predazzo, Tyrol. 

Romerite, with copiapite and chalcanthite, Copiapo, Coquimbo, Chili. 

Ratholite or Pectolite, Ratho quarry, near Edinburgh. 

Retinasphalt, Bovey Tracey, Devonshire. 

Sternbergite, Joachimsthal, Bohemia. 

Syltanite, with drusy quartz on a trachyte porphyry, Offenbanya, Transylvania. 

„ var. Mullerite, with blende in a brecciated siliceous rock, Nagyag, 
Transylvania. 

Sal Ammoniac in crystals on a scoriaceous dolerite lava, Vesuvius: Eruption, 
November 1868. 

Sarcolite, with pyroxene, Monte Somma, Vesuvius. 

Staurolite, with kyanite and mica in paragonite slate, Giornico, Levantino Valley, 
Tessin, Switzerland. flt 

„ with garnet in mica-slate, Taganai, Urals. 

S apphirine,* with mica, Fiskenaes, Greenland. 

Schrotterite, Libetlien, Hungary. * • 

„ near Tavistock, Devonshire. 

Scolecite, Berufjord, Iceland. 

Smectite, Kreuznach, Rhine. 

Samarskite in granite, Ilmen Mountains, Orenburg, Rus^a. 

Sordawalite, Sordawala, Finland. 

Tallingite, with atacamite and wad, Botallack mine, St. Just, Cornwall. 
Ullmannite, with chalybite and copper pyrites, Siegen, Prussia. 

Ulexite in gypsum, Brookville, Hants Co., Nova Scotia. 


Voigtite in graphic granite, Manebach, Thuringia. 

Vauquelinite, with crocoisite, pyromorphite, cdrussite pseudomorphous after 
galena, limonite pseudomorphous after iron pyrites, and quartz, 
Beresowsk, Urals. 


Volborthite, with wad on Permian sandstone, Ivanow’s copper mine, Perm, 

* Russia* * * 

i on limonite, Sissersk, near Nijni Tagilsjt, Perm, Russia, * 

Illl^^Szmaskd, Hungary. 
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Wohlerite, with eloeolite and cancrinite in zircon syenite, Langesund Fjord, near 
Brevig, Norway. 

Wagnerite, with brown-spar in a greenish clay-slate, Hollgraben, near Werfen, 
Salzburg. 

Walchowite, Walchow, Moravia. 

Xenotime, with yellow and black yttrotantalite in felspar, Ytterby, Sweden. 
Zippeite, with small crystals of selenite, Wheal' Edward, near St. Just, Cornwall. 


SERIES II. 

Albite, with malachite and chessylite, Kirabinsk Mine, Ekaterinburg, Russia . 
Albite, with chalybite, Zillerthal, Tyrol, 

Andalusite, Brazil. 

Aragonite in twinned crystals, Bilin, Bohemia. 

Arsenic (native), with calcite, Andreasberg, Hartz. 

Avanturine quartz, Cape de gata, Spain. 

Baiytocalcite in crystals and massive, Alston, Cumberland. 

Calcite in fascicular groups on quartz, with blende and galena, Schemnitz, 
Hungary. , # 

Calcite on fluorspar, near Camborne, Cornwall. 

Cadmiferous blende, Przibram, Bohemia. 

Chesterlite in granular dolomite, Chester Co., Pennsylvania. 

Chiastolite in clay-slate, Lancaster, Massachusetts. 

Chrysolite in crystals, The Levant. 

Corundum crystal, Tibet. 

„ „ Salem, Madras. 

Dolomite, columnar, with dendritic manganese oxide, Sunderland. 

Fassaite in blue calcite, Fassa, Tyrol. 

Fahlunite in talc slate, Fahlun, Sweden. * 

„ „ with copper pyrites, Fahlun, Sweden. 

Felspar (compact), colored in spots with manganese oxide, Charlotte, North 
Carolina. 

Fire opal, Zimapan, Mexico. 

Green tourmaline, with sapphire in granular dolomite, Campolongo, St. 

Gotthard, Switzerland. 

Grossulan^arnet, Fassathal, Tyrol. 

Grossular in loose crystals, Wilui R., Trans-Baikal. 

Gurhofite, Gurhof, Styria. 

Humite, with biotite and calcite, Monte Somma. 

Hyposclerite, with melanite, Arendal, Norway. 

Leelite, with actinolite, Salberg, Sweden. 

Limonite, fibrous and compact, Orkney Islands. 

„ Siegen, Prussia. 

Mesolite, with thomsonite and stil\ite> Renfrewshire. 

Moonstone, Ceylon. * * 

Murchisonite, Heavitree, near Exeter, Devon. 



[VOL. XI. 


SSB Record* of ike Geological Survey of India. 

Natrolite, with analcime on basalt, Auvergne. 

„• in a cavity in basalt, Leipa, Bohemia. 

„ with gmelinite in trap rock, Co, Antrim, 

„ on phonolite, near Aussig, Bohemia. 

Omphacite, with garnet, Sau-Alpe, Carinthia. 

Orthoclase (massive), Frederikswarn, Norway. 

Petalite, with lepidolite, Island o£ Uto, Sweden. 

,, with spots of indicolite, Island of Uto, Sweden 
Physalite, Trumbull, Connecticut. 

Prase, Breitenbriinn, Saxony. 

Pyrolusite, coating stalaciiiic psilomelane, Thuringia. 

„ Nassau. 

Pyrophysalite in quartz, Fin bo, Sweden. 

Pyrophysali to, Fin bo, near Fahlun, Sweden. 

Pyroxene, with hornblende, Arendal, Norway. 

Quartz, pseudomorpliou& after chalybite, Cook’s kitchen mine, Cornwall. 
Richterite, with sebefFerite and fyematilo, Langbansliyttan, Sweden. 

Rubellite, with indicolite and green tourmaline, in*albite, Chesterfield, Massa- 
• chusetts. 

„ Elba. 

Sahlite, with galena and caleite, Sala, Sweden. 

„ with hornblende and splione, Arendal, Norway. 

Schefferitc, with rhodonite, Langbansliyttan, Wermland, Sweden. 

Siliceous smter, The Geysers, Iceland. 

Spinel (blue), with hornblende and mica in limestone, Aker, Sweden 
Tasmanite, Mersey R., North Tasmania. 

Topazolite, with mussite, Mussa, Piedmont. 

Wood-tin, near Truro, Cornwall. 

„ if. water-worn fragments, Cornwaj 

ADDITIONS TO THE LIBRARY. 

From 1st Janitary to 31st March 1878. 

Titles of Books. Donors . 

Bknbcke, Dr. E. W.— Geogn^stisch-Palaontologische Beitriigo, Band IT, heft 3 
(1876), 8vo, Munchen. % 

Brush, Geo. J. — Appendices I and IT to the 5th Edition of Dana’s Mineralogy 
(1872), 8vo, New York. 

Cunninoham, Alex. — Corpus Tnscriptionum lndicarum, Vol. I — Inscriptions of 
Asoka (1877), 4to, Calcutta. 

Home Department. 

Elltott, Sir H. M. — History of India, Vol. VIII, (1877), 8vo, London. 

Home Department. 

ENcroL 0 P®i>iA Britannica, Vol. VII, 9th Edition (1877), 4to, London. 

F. von. — Asien seine Zukunftsbahnen und seine Kohlenschatze 
(1876), 8vo, Wien. 
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Just, Dr. L. — Botanischer Jahresbericht, Jahrg. 1876, Abth. I (1878), 8vo, 
Berlin. * 


Kurz, S. — Forest Flora of British Burma, Vols, T and II (1877), 8vo, Calcutta. 

Department Revenue, Agriculture and Commerce. 
L6czt, L. von.— Die Liszkovaer Hohle im Bar&thegy (Liptaner Comitat), (1878), 
8vo, Budapest. 


* Thu Author. 

LtfcfeT, L. von. — Echionoden aus dem Neogen- Ablagcrungcri des Wcissen 
KorostUales (1877), 8vo, Budapest. 


The Author. 


PERIODICALS, SERIALS, Ac. 


American Journal of Science and Arts, 3rd Series, Yol. XI Y, Nos. 83-84 (1877.) 
8vo, New Haven. 


The Editors. 

Annalen der Physik und Chemic, New Series, Vol. II, lieft 3-4, and III, heft 1 
(!8t7-78), 8vo, Leipzig.* 

Annales des Mines, 7th Series, Yol. 11, livr. 5 ; Y, livr. 3 ; IX, livr. 1 ; XII, livr. f> 
(1872, 1874, 1876-77), 8vo, Paris.* 

L ’Admins. des Mines. 

Annals and Magazine of Natural History, 4th Series, Yol. XX, No. 120, and 5th 
Series, Yol. I, Nos. 1-2 (1877-78), 8vo, London. 

Arckiv fur Naturgeschichte, Jukrg. XLIII, heft 4, and XL1V, heft. 1 (1877-^8), 
8vo, Berlin. 

Athenaeum, Nos. 2616 to 2620, and 2622-2627 (1877-78), 4to, London. 

Bibliotheque Universelle ct Revue Suisse, New Series, Yol. LX, Nos. 239-240 
(1877), 8vo, Lausanne. 

Chemical Nows, Vol. XXXVI, Nos. 942-946 and 948-953 (J877-78L 4to, London. 

Colliery Guardian, Vol. XXX IY, Nos. 884-889 and 891-896 (1877-78), fol., 
London. 

Geographical Magazine, Yol. V, No. 2, (1878), royal 8vo, London. 

Geological Magazine, New Senes, Decade II, Vol. IV, No. 12, and Y, Nos. 1-2 
(1877-78), 8vo, London. 

Journal de Conchyliologie, 3rd Series, Vol. XVI Ij No. 4 (1877), 8vo, Paris. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 
5th Series, Yol. IV, Nos. 27-29 (1877-78), 8vo, London. 

Mining Journal, with Supplement, Vol. XL VII, Nos. 2207-2212 and 2214-2218 
(1877-78), fol., London. 

Nature, Vol. XVI, Nos. 423-428 and 430-435 (1877-78), 4to., Loudon. 

Neues Jahrbuch filr Mineralogie, Geologie und Paleeontologie, Jahrg. 1877, heft 9, 
and 1878, heft 1 (1877-78), 8vo, Stuttgart. 

Petermann, Dr. A. — Geographischo Mittheilungen, Band XXIII, No. 12, and 
XXIV, Nos. 1-3 (1877-78), 4to, Gotha. ‘ 

Petermann, Db. A.— GeographSsche Mittheilungen, Supplement— Band LTI 
(1877), 4to, Gotha. 
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PoGGEjjpORFF, J. C. — Annalen der Physik und Chemie, Band 128-138, and 142-150 
(1866-69 and 1871-73), 8vo* Leipzig. 

Professional Papers on Indian Engineering, 2nd Series, Vol. VII, No. 27 (1878), 
8vo, Roorkee. 

Thomason College of Civil Engineering. 

Quarterly Journal of Microscopical Science, New Series, No. LXIX (1878), 8vo, 
London. , * 

Quarterly Journal of Science, No. LVII (1878), 8vo, London. 

Reports of the Mining Surveyors and Registrars for quarter ending 30th Sep- 
tember 1877 (1877), fisc., Melbourne. 

Mining Department, Victoria. 


GOVERNMENT SELECTIONS, Ac. 

India. — Carrington, R. C. — List, of Light-houses an Light-vessels in British 
India, including the Red Sea and Coast of Arabia (1878), 
4to, Calcutta. 

Marine Survey Department. 

„ General Report on the Operations of the Revenue Surveys of India for 
1876-77 (1878), fisc., Calcutta. 

* The Survey. 

„ Walker, Col. J. T. — General Report on the Operations of the Great 

Trigonometrical Survey of India during 1876-77 (1878), 
fisc., Calcutta. 

The Survey. 

Madras. — Maclean, C. D. — Standing information regarding the Official Adminis- 
tration of the Madras Presidency (1877), 8vo, Madras. 

Government of Madras. 

Punjab.-— Report on the Administration of the Punjab and its dependencies for 
1876-77 (1877), 8vo, Lahore. 

Punjab Government. 


TRANSACTIONS, PROCEEDINGS, Ac., OF SOCIETIES. 


Belfast.— -Proceedings of the Belfast Natural History and Philosophical Society 
for 1876-77 (1877), 8vo, Belfast. 


The Society. 


BlBLiN.—Monatsbericht der konig, Preuss. Akademie, September to November 
(1877-78), 8vo, Berlin. 



* * The Academy. 

der Deutschen Geologischen Gesellschaft, Band XXIX 
heft 3 (1877), 8vo, Berlii. 


The Society. 
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Bristol. — Proceedings of the Bristol Naturalists* Society, New Series, *Vol. II, 
Part 1 (1877), 8vo, Bristol. 

The Society. 

Brussels. — Bulletin de la Societe Beige de G6ographie, Nos. 4-5 (1877), 8vo, 
Brussels. 

The Society. 

Budapest.— Naturhistorische Hefte, Band I (1877), 8vo, Budapest. 

National Museum, Budapest. 

Calcutta. — Journal of the Agricultural and Horticultural Society of India, New 
Series, Vo]. V, Part 3 (1878), 8vo, Calcutta. 

The Society. 

,, Journal of the Asiatic Society of Bengal, New Series, Vol. XL VI, 
Part 1, Nos. 3-4 (1877), 8vo, Calcutta. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, No. X (1877), and 
No. I (1878), (1877-78). 8vo, Calcutta. 

* The Society. 

Copenhagen. — Oversigt over dot kong. danske Videnskabemes Selskabs, No. 2 
(1877), 8vo, Copenhagen. * 

The Academy. 

Dublin. — Journal of the Royal Geological Society of Ireland, New Series, 
Vol. IV, Parts 3 and 4 (1876-77), 8vo, Dublin. 

The Society. 

Geneva. — Momoires de la Society de Physique et d’Histoire Naturelle de Geneve, 
Vol. XXV, Part 1 (1877),. 4to, Geneva. 

The Society. 

London. — Palseontographical Society’s Publications, Vols. XIX (1865), XX 
(1866), XXV (1871) to XXXI (1877), and Part 2 of 
1849, 4to, London. 

„ Philosophical Transactions of the Royal Society of London, Vol. 166, 
Part 2, and 167, Part 1 (1877), 4to, London. 

The Society. 

„ Quarterly Journal of the Geological Society of London, Vol. XXXIII, 
Part IV, No. 132, with list of Fellows for 1877 (1877), 
8vo., London. 

Ditto. 


Manchester.— Transactions of the Manchester Geological Society, Vol. XIV, 
Parts 14-16 (1877), 8vo, Manchester. 

Ditto. 

Melbourne. — Geological Survey of Victoria. Prodromus of the Paleontology of 
Victoria, by F. McCoy, Decade V (1877), 8vo, Melbourne. 

The Survey. 

Moscow. — Bulletin de la Soci5t5 % Imp4riale des Naturalistes de Moscou, Vol. LII, 
No. 1 (1877), 8vo, Moscou 


The Society. 
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Philadelphia.— Journal of the Franklin Institute, 3rd Series, Vol. LXVII, 
Nos. 5-6, LXVIII, Nos. 1-2, LXIX, No. 3, LXX, 
Nos. 2-5, LXXIV, No. 6, and LXXV, No. 1 (1874-78), 
8 vo, Philadelphia. 

The Institute. 

Pisa. — Atti della Societa Toscana di Scicnze Naturali, Vol. II, Part 2, and III, 
Part 1 (1876-77), 8vo, Pisa. 

The Society. 

Plymouth. — Report and Transactions of the Devonshire Association for the 
Advancement of Science, Vol. IX (1877), 8vo, Plymouth. 

The Association. 

Rome.— Atti della R. Accadcmia doi Lincei, 3rd Series, Vol. 11, Parts 1-2 (1878), 
4to, Rome. 

The Academy. 

„ Bollettino R. Oomitato Geologico d'ltalia, Nos. 11-12 (1877), 8vo, 
Romo. 1 

The Gfolooical Commission. 

Stockholm.— Bihang tfll kong. 1. Svcnska V etenska ps-Akadomions Handlingar, 
Band TTI, Left 2 (1876), 8vo, Stockholm. 

Ro\al Academy op Science, Stockholm. 

„ Kongliga Svenska Vetonskaps-Akudcmiens Handlingar, Vols. XIII 

and XIV, Part 1 (1875-76), 4to, Stockholm. 

Dnro. 

„ Observations Mct^orologiq ues Su Aloises, 1874 (1877), 4to, Stock- 

holm. 


Ditto. 

,, •Ofversigt af kongl. Vetcnskaps-Akademicns Fdrhandlingar, Band 

XXXIII (1877), 8vo, Stockholm. 

Ditto. 

Sydney. — Annual Report of the Department of Mines, New South Wales, for 
1876 (1877), 4to, Sydney. 

Roy. Soc. N. S. Wales. 

„ Journal and Proceedings of the Royal Society of New South Walos. 
Vol. X, 1876 (1877), 8vo, Sydney. 

Ditto. 

„ • Rae, John. — Report on the construction and working of the railways of 

New South Wales from 1872-1875 (1876), fisc., Sydney. 

Ditto. 

„ Robinbon, Chas. — The Progress and Resources of New South Wales 

(1877), 8vo, Sydney. 

* ' Ditto. 

„ Russell, H. 0. — Climate of New Jjjouth Wales, descriptive, histo- 
rical and tabular (1877), 8vo, Sydney. 


Ditto. 
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Tasmania. — Papers and Proceedings and Report of the Royal Society of Tasmania 
for 1876 (1877), 8vo, Tasmania. 

The Society. 

Turin. — A tti della R. Accadcmia dolle Scionze di Torino, Vol. XII, Nos. 1-5 
(1876-77), 8 vo, Turin. 

Tiie Academy. 

„ • Bollettino dell’ Osservatorio della regia Universita di Torino, Anno XI 

(1877), 4to, Turin. 

Ditto. 

Washington. — Annual Report of the Hoard of Regents of the Smithsonian 
Institute for 1876 (1877), 8vo, Washington. 

The Institute. 

,, Ninth Annual Report of the United States Geological ami Geogra- 

phical Survey of the Territories embracing Colorado and 
adjacent territory for 1875 (1877), 8vo, Washington. 

• Tin. Survey. 

„ Preliminary Report of the Field work of the United States 

Geological and Geographical Survey of the Territories 
for season of J877 (1877), Hvo, Washington. 

Ditto. 

Wellington.— Geological Survey of New Zealand : Report of Geological Explora- 
tions during 1873-77 (1877), 8vo, Wellington. 

Ditto. 

Yokohama. — Mittheilungen der Deutschcn Gesellschaft fur Natur und Volker- 
kundo Ostasiens, heft Xlll (1877), flsc., Yokohama. 

The Society. 
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Annual Report of the Geological Survey of India, and of the Geological 

Museum, Calcutta, for the year 1877. 

• 

Netc ground . — The field-work of the Geological Survey of India is of two 
kinds: the preliminary exploration of ground regarding which our knowledge is 
either a blank or exceedingly vague, and the more detailed study of rocks 
the general features of which have been laid down. The latter is essentially the 
more difficult task, and, within certain limits, the more interesting to the geo- 
logist, as requiring the more exact application of the guiding principles of his 
science, and as affording the better opportunity of testing and defining those 
principles themselves. The attractions of the former, both to the worker and the 
looker-on, are its rapidity and the more easy attainment of the sensation of 
adding something to our store of knowledge. In the progress of the Survey, 
the proportions of these two kinds of work undergo a constant change; but we 
are still far from the stato of having no new ground to explore.** During the 
past season two such blanks have been approximately filled in. 

I am glad to announce that the principal of these reclaimed territories is in 
the higher Himalaya. Hitherto our work in this most interesting region has 
been in a manner occasional. The circumstance of my connection with the 
College at Roorkee for some years placed me within easy reach of the lower 
Himalaya, and the results of four seasons’ work were published in 1804 (Memoirs, 
G. S. I., vol. III). Dr. Stoliczka’s zeal for great undertakings led him early 
to urge the exploration of Western Tibet. The result of his observations 
in that difficult region during the summers of 1804 and 1865 were published 
in vol. V of our Memoirs, and were supplemented by bis notes on his last fatal 
journey to Kashgar in 1873 (Records, G. S. I., vol. VII). The urgent demand 
for coal in connexion with the Northern Bengal Railway led to Mr. Mallet’s 
deputation in 1873 to examine the Damuda rocks discovered in 1849 by Dr. 
Hooker at the base of the Sikkim Himalaya. Mr. Mallet’s observations on this 
fringe of the mountain region wer^ published in vol. XI of the Memoirs. The 
foregoing accounts, together with the observations by Captain R. Sfcrac hey, R.E., 
in Kumaun and Central Tibet, and published with a map in the Quarterly Journal 
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of the Geological Society, London, vols. VII and X (1851 and 1854), consti- 
tuted so far the only definite materials for a geological map of the mighty 
Himalaya. In 1875-76 the examination of the outer tertiaiy zone and adjoining 
rocks was carried up to the Jhelum (Records, vol. IX) ; and in continuation of 
this work, Mr. Lydekker, during the past season, has made an extensive explora- 
tion of the mountains north and south of the Kashmir Valley and in the upper 
basin of the Chenab. 

That so little should have been known regarding the geology of such an 
attractive spot of earth as Kashmir, is a fair indication of the difficulty bf the 
ground. Flying observations have of course been recorded, and some bold 
speculations based thereon ; but these contribute little towards a definite 
knowledge of the rock-structure. The presence of carboniferous strata was 
long since observed, and the extensive occurrence of eruptive rocks has been 
prominently noticed ; but th,e relations of all these to the preponderating mass of 
contiguous unfossiliferous rocks have remained unknown. Mr. Lydekker shewR 
that the Kashmir area is a compressed synclinal ellipse, on the pattern of the 
larger features defined by Stoliczka in the Tibetan region, but containing, so far 
as observed, no rocks younger than the trias. The slates of the Pir Panial are 
shewn by connected observations to be the equivalents of the Silurian and infra- 
Silurian strata of th§ Tibetan sections. After some hesitation, Mr. Lydekker 
decided that the trappean rocks must belong to a period of local eruption in the 
upper part of the Silurian series. Although very frequently observed in abrupt 
and troubled contact with the carboniferous rocks, they were upver seen to pene- 
trate these strata, or above them. 

On the south-eastern prolongation of the Kashmir synclinal, but separated 
from it by a mass of metamorphic rocks in Kistwar and Badri war, there is in the 
Pangi district, on the upper Chen&b, a smaller synclinal ellipse, in which only 
the Silurian slates have been found. This basin is cut off to the south-east by 
the gneissic masses of Lahul. This feature of longitudinal structure — the 
recurrence of basins of depression along the same mountain zone — is also a 
character of the more central Himalayan regions, where the great basin of Spiti 
and Zanskar is cut off from the very similar basin of Hundes, on the same strike, 
by the metamorphics of North Bisahir. The fact seems to preclude the sugges- 
tion that has been made, that these basins are in some degree aboriginal with 
relation to the included formations. 

The relations of the gneiSsic series are still the most obscure point in these 
mountain-sections. Mr. Lydekker feels compelled to adopt the view that the 
Pir Panjdl range is, on the whole, a great folded anticlinal flexure, having a core 
or axis of gneiss, the whole stratified series on the outer (south-west) side 
being inverted. In this arrangement, if the gneiss is even approximately con- 
formable with the slate series (as this view implies and as is apparently the case), 
the actual position and structure of this gneiss and of the contiguous slates 
must be to acts of disturbance common to both ; for, it would seem impossible 
to prody^the great fold, and the inversion of the strata on the south-west, if 
the had pre-existed as a ridge in this position. Again, there are clear 
&ee£*0&6 ' shewing the slate series to pass transitionally (by interstratification) 
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downwards into crystalline schist and gneiss, which certainly implies that the 
conversion of this gneiss is pf later date than the deposition of the slates. Yet 
there are observations in this region shewing most indubitably that, during the 
deposition of the slates, a gneiss was undergoing violent denudation, and at no 
great distance: throughout a considerable thickness of strata in Pangi, large 
blocks of gneiss are imbedded in the unaltered slates. From the circumstances 
Mr. Lydekker conjectures that they were ice-borne ; but, however this may be, 
the irpmediate difficulty is, that they seem to be of Himalayan gneiss, as they 
resemble it, and are not like any known gneiss of the nearest region to the south. 
If they were derived from any gneiss now exposed in the Himalaya, we may 
surely say that it must be of very different age from the gneiss conformably 
underlying and transitional with these same slates ; and that the unconformity 
between the two series must, at least originally, have been of a very striking 
character, so that the non-recognition of such a feature would vitiate any in- 
dependent interpretation of the rock-structure. The question radically affects 
the view to be taken of the mountain-formation ; but we are still in uncertainty 
regarding it, no such distinction having been as y§t detected in the gneissic masses 
of this region. The great gneissic mass of the Zanskar range is certainly to 
some extent composed of a gneiss associated with the slates; the so-called 
“central gneiss” has also been provisionally identified in it; but no minera- 
logical criterion or stratigraphieal demarcation has as yet been attempted 
between them. An account of Mr. Lydekker’s observations is published, with a 
skeleton map, in the current number of the Records. 

In this connection 1 am glad to have to notice the work of a geologist who is 
not on the staff of the Survey, although his observations have been published 
in our Records for the past year. Workers for love of geology have become so 
rare in India that the appearance of one is quite an event ; and Colonel McMahon's 
paper Is in good form, representing much hard work in the field and tlte study, put 
together rationally, without random speculation, liis map of the Simla region 
indicates a clue to the structure of the most difficult region of Himalayan geology, 
and an interpretation that may prove of great service is suggested. The ground 
sketched by Mr. Lydekker, although adjoining the great fringing zone of tertiary 
rocks, is strictly on the prolongation of the great central Himalayan range, and 
the structure is on a reduced scale of the same type. The Simla regioh is 
quite different : it belongs to that broad area of lower mountains which to the 
east of the Satlej separates the snowy range from the plains, and is made up 
of metamorphic and slaty rocks in a very irregular and incomprehensible 
mode of distribution. In the midst of the slate series there is one well-marked 
group, affording the most certain guide to the disturbance of the strata. 
Colonel McMahon has mapped its outcrop over an extensive tract of rugged 
mountains. He has also indicated for this region a probable solution of the 
difficulty noted in Mr. Lydekker’s work regarding the gneissic rocks. He shews 
that the massive gneiss forming several prominent ridges in the lower mountains 
must be the same as tbe “ central gneiss” of the main range ; he describes the 
upper members of tbe slate series to be so related to this gneiss as to involve 
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lihe total overlap of the lower part of the series, and therefore complete un- 
conformity to the gneiss ; subsequent metamorphic action, largely affecting the 
slate series itself, especially at the contact with the older gneiss, has so obscured 
the junction as to make the exact definition of it a matter of great difficulty. 

The other newly reclaimed area is in Peninsular India. The wide tract (some 
300 miles long) between the Mahanadi and the lower reaches of the Godavari, 
although completely surveyed topographically, is one of the least frequented 
regions of the Peninsula. It is a wild hilly country entirely occupied by primitive 
tribes and petty tributary states. From the condition of adjoining areas we 
could only conjecture that it was occupied by Vindhyan and gneissic rocks; 
and such has proved to be the case. During the past season, Mr. Ball made an 
extensive circuit over that ground, and an account of his observations has already 
been published, with a sketch-map, in the Records. 

On the coast side there is a broad mountainous belt (130 miles wide), some 
summits exceeding 5,000 feet in elevation. It is known on both sides to be formed 
of crystalline rocks, and is probably so throughout. West of this there is an ex- 
tensive upland, also largely foVmed of gneissic rocks, but upon which there 
stand two or more scarped plateaus of flatty bedded sandstone, the principal being 
that of N owagarh- Kharial. Further west there is the wide expanse of lower 
ground formed of the shales, limestone and sandstones, occupying the plains of 
Clihattisgarli and the upper valley of the Mahanadi, and stretching southwards 
to the more elevated land about Bastar. These latter rocks have for long been 
recognised as of lower Vindhyan age ; but Mr. Ball thinks that the Kharial sand- 
stones may represent upper Vindhyans, as they are locally underlaid by shales 
very like those of the Chhattisgarh plains. As yet no upper Vindhyans have 
been identified south of the Son-Narbada valley. That these formations should 
still have to be classed as azoic, is a recurring cause of surprise and disappoint- 
ment to geologists in India. 

In the valley of the Tel and elsewhere in low ground south of the Mahanadi, 
Mr. Ball observed several distant outliers of the Talchir deposits ; while on the 
highest suinmits visited, both of detached hills and within the range of the Eastern 
Ghats, he found the massive rock-laterite, giving a plateau character to the other- 
wise serrated mountain-features. This high-level laterite forms, throughout the 
whole of middle and northeija India, a thick (50 to 100 feet) level capping to 
most of the highest summits, whatever may be the structure of the underlying 
rocks, and has the same composition, whatever may be that of the rocks it rest 
upon, so that it cannot in any way be derived from their transformation. Its mode 
of origin is still one of the greatest puzzles in Indian Geology. 

During a short visit to Naini Tal in September, Mr. Ball made some observa- 
tions regarding the numerous lakes of that neighbourhood. 

Mr. Hacket’s work in Raj pu tana must also rank as in new ground. He lias 
carried 'his observations to some distance south of Ajmir, where he obtained a 
f ulier section of the metamorphic rocks traditionally underlying his Arvali 
sen$jj. ; In the northern sections, about Alwar and Biana, these transition beds 
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seem to be locally wanting. Altogether the study of these highly altered and 
disturbed formations is most intricate, and it is likely to bo long before a con- 
nected and satisfactory account of them can be given. 

Mr. Hacket confirmed in other localities Mr. Blanford’s discovery of Vindhyan 
strata to the west of the Arvali range, but in a more easterly position, resting 
quite flatly close to the main series of gneissic rocks ; so that the Vindhyan for- 
mation must be altogether younger than the Arvali mountain-system. 

No rocks but the quartzites and other strata of the Arvali series were found 
in the* vicinity of the famous Sambhar salt-lake ; and no observation was made 
suggesting any connection of the salt with these rocks. 

Gondwana formation . — T he recognition of the Karharbari coal-measures as 
a distinguishable horizon in the lower Gondwana series is an interesting step in 
our knowledge of these formations. As immediately overlying the Talehirs, 
these beds have hitherto passed as belonging to the Barakar group, the lowest 
of the Damn da coal-measures. The first discovery in them of peculiarly triassic 
plants not found elsewhere, looked at from the point of view of paleoozoic affinities 
for the Damuda flora, suggested that the Karharbari beds should be regarded 
as above the Damudas. Further collections of fossils made by Dr. Fcistmantel, 
and others presented by Mr. Whitty, the engineer in charge of the extensive mines 
from which the East Indian Railway is supplied, have not supported this notion. 
Dr. Fcistmantel points out that with those special plants are found the few 
which most distinguish the Talehirs, and that the affinity is with this bottom 
group of the Gondwana system, rather than with the Damudas. The position 
of the field, well out of the Damuda valley, and more analogous to that of the 
central fields, in which also the coal-measures have hitherto been regarded as 
Barakar, suggests that those too may be found to present these new palaeonto- 
logical affinities. Dr. Feistmantel reports from Mohpani that there is some 
confirmation of this view in the plants he has recently found there* The very 
close stratigrapliical relations of the Satpura coal-measures with the Talehirs 
in the Betul field was insisted upon in the last survey of that ground (Records, 
vol. VI J I, p. 65, 1875). 

Of our detailed work an interesting area of the Gondwdna formations was 
completed during last season by Mr. Hughes, in elusion of his previous work 
in the Wardha valley, the geological lines being now carried down to the Godd- 
vari at and above Sironelia. An important practical result of this work is the 
accurate demarcation of a considerable area of possibly productive coal-measures 
in the Nizam’s territories about Khairgura and Tandur, and again on the 
Goddvari at Sandrapdli. In the former position actual coal crops were found ; at 
the latter the discovery was quite unexpected, as the ground is greatly concealed, 
but the indications are considered sufficient. Directions are given for the prac- 
tical exploration of the measures. 

Two localities within this area have long boon familiar to students of Indian 
Geology from the fossils they have yielded— the liassic fish remains of Kota and 
the triassic reptilian bones of Maldri— and on this account special interest attaches 
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to Mr. Hughes’ stratigraphical determinations. The result, whether local or general, 
has not been confirmatory of the speculations that had been hazarded upon previous 
knowledge. Partly from the fossils and partly from the mineral aspect of the 
rocks, it had been thought that the Maleri beds might represent the Panchet 
group in the lower Gondwana series of Bengal. From the evidence of some 
plant fossils obtained during the recent survey, it is, however, decided that these 
deposits must rank as upper Gondw&na. As regards the different horizons 
suggested, according to the European standards, by the fossils from thg two 
localities, Mr. Hughes’ description shews that the beds of Mal6ri and of Kota 
cannot be distinguished as separable groups, and therefore that the aforesaid 
fossils must be taken as contemporaneous in India. This fact, and the affiliations 
suggested by the fossil flora, present altogether a serious puzzle to palaeontologists 
of the rigid school. The question is briefly stated by Mr. Blanford in a note 
appended to the description of the Kota-Maleri fossils in a recent number of 
the Paleeontologia Indica. A map and description of Mr. Hughes* work is published 
in the current number of the Records. 

The Kota-Maleri area is part of the continuous spread of Gondwana deposits 
within the drainage-basin of the Godavari, and hence often spoken of collectively as 
the Godavari basin or region ; but it is only on the lower half of this river itself that 
these formations occur ; the extension above Sironcha is in the valleys of the great 
tributaries, the Pranhita and Wardha, to where the strata pass under the Deccan trap 
in the Chanda and W un districts. The portion below Sironcha is considerably larger 
than that above it, and Mr. King has been for several seasons engaged in studying 
this ground. Notices of his discovery of marine beds intercalated with the 
upper Gondwanas on the seaward margin of the area, were published at the 
time ; and also his description of some small coal basins within or adjoining the 
main area. A notice of his preliminary observations regarding the whole area 
was published in the last May number of the Records. During the past season 
Mr. King made further progress in unravelling the intricate relations of these 
closely connected rock-groups, and is still engaged in carrying bn these researches : 
but it is scarcely to be expected that he can complete so difficult and extensive an 
investigation within the present field-season. 

Mr. Foote has been engaged for several seasons past upon the coastal zone of 
Gondwana deposits, in continuation of his previous published work on these beds 
in the area around Madras. During the past season be completed his survey of 
this ground through the Nellore and Gantdr districts up to the Krishna river, 
thus bringing his lines into connexion with Mr. King’s work in the Godavari 
district south of Ellore. The deposits which were the special object of his 
study are very obscurely exposed as irregular patches along the margin of the 
crystalline rocks forming the low ground from the base of the Eastern GMts *, 
and on the east they pass rapidly under the alluvium of the flat seaboard. 
Mr Foote has made considerable collections of the mixed marine and terrestrial 
fO^ls peeuliar to the Gondwana strata in this position. A description of his 
work is course of preparation. 
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Explorations for coal . — In connexion with the Gondwana formation, record 
should be made of the coal explorations that have been going on for several 
seasons past in the Satpura basin. They were undertaken by Government at my 
recommendation, and have been carried out more or less to the extent contem- 
plated, but have proved unsuccessful. The observations and chances upon which 
these experiments were based have been from time to time explained In the 
Records, so that a brief recapitulation of the circnmstances will now suffice. The 
only outcrop of the coal-measures on the north side of the Satpura basin of Gond- 
wana rocks is on the Sitariva at Mohpani . It is there that the structural charac- 
ters of the outcrop, so close to this obscure main boundary of the basin, should 
have been practically tested and the continuity of the measures proven. The 
mining operations there have, however, been hitherto on a very paltry scale, and 
the work of exploration most inefficiently carried out. The difficulties of the 
ground are, no doubt, considerable, but not a single trial to the dip of the basin 
has been carried to the depth at which it could have been expected to touch the 
coal in the position attempted. The whole ground on the Sitariva is in private 
hands, and Government could not interfere to insist upon a more effective method 
of search, so it was reasonably resolved to attempt the exploration of the basin 
at other less favourable points, where the measures themselves had to be sought 
for. • 

In pursuance of this project three classes of trial were indicated. It was 
shewn that the total cutting off of the Gondwana rocks to the north, along a 
supposed great fault, was at least not proven ; and that therefore it was possible 
that the coal-measures might in certain positions occur beneath the alluvial area 
of the Narbada valley. To test this conjecture two borings were made, one at 
Gadarwara close to the main line of railway, and one at Sukakheri by the f>ide 
of the branch line, half way to Mohpani. The former was stopped at a depth of 
251 feet, as the tubes could not be forced further, and smaller tubes, to pass down 
inside the first set, w T ere not then available. The Sukakheri boring v*as sunk to 
the depth of 491 feet still in alluvial deposits, chiefly clay; and it is highly 
creditable to Mr. Stewart, the brace-head man in charge of the work, that with 
such labour and appliances as he could command he was able to sink so deep. 
This is a far greater thickness than was at all anticipated for the valley deposits ; 
and the trial has practically answered the question proposed, for it would certainly 
not pay at present to seek the coal through such* a thickness of soft rocks. 
It is plain, however, that the question whether or not the coal-measures extend 
in this direction (upon the possibility of which the experiments were under- 
taken), is not affected by the result. 

A second class of trial was based upon the fully proven fact that the thickness 
and distribution of the upper Gondw&na groups are exceedingly irregular. It 
was thus hoped that the coal-measures might possibly lie at a practicable depth 
within the basin, in the open valleys of the Dudhi and the Tawa, where the 
measures, if found, would be free from the many accidents that render the 
working of them so difficult in the disturbed ground near the boundary. Borings 
were accordingly put down at Minegaon and at Khappa in the Dudhi valley 
The former was closed at 420 feet, as the depth attained required constant super- 
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vision upon one work. At the close of last working season the Klnippa boring 
had reached the depth of 720 feet, altogether by band — another very creditable 
performance of Mr. Stewart’s. Here again the practical question was solved 
for" the present by the mere fact of depth. No change of formation occurred 
throughout the boring, so the geological information gained is also limited to the 
bare fact of thickness. As the progress of boring by hand at this depth is so 
slow and costly, I could not, under the circumstances, recommend the prosecution 
of the work. Corresponding trials to these were made in the open valley # of the 
Tawa, along the Bctul and Hoshangabad road, at Kesla to a depth of 802 feet, 
and at the Suktawa to 241 feet, with the same result. 

A third class of experiment lay in the attempt to find the coal-measures in 
positions corresponding to Mohpani, close to the edge of the basin. The induce- 
ment here is that Talchir beds, which are the most frequent companions of the 
coal-measures, occur at several places along the margin of the field. The special 
objections to this position are the frequent presence of trappean intrusions and 
the great disturbance of the strata. Three borings were put down at Tundni, 
ten miles west of Mohpani. Two of them, at depths of 328 and 172, struck 
trappean and contact-rocks, being evidently on a belt of intrusive action. The 
third, more to the south, found no change to 243 feet, where the tools stuck fast ; 
but as the dips were ITigh there was no inducement to renew the attempt. 

At the western extremity of the field, on the Moran near Lokartalai, some 
highly carbonaceous outcrops have long since attracted the attention of explorers. 
A boring put down to the dip of those outcrops, to a depth of 254 feet, has 
shewn that these coaly bands do not improve underground ; and a later discovery 
of fossil plants in these beds has shewn that they do not belong to the lower 
Gondwanas. Two other borings were put down at the lowest point of the section, 
to try the underlying strata ; but at depths of 84 and 88 feet (the holes are 00 
yards apart across the strike) an intensely indurated sandstone was struck, 
in which little or no progress could be made. It is almost certainly tho contact 
bed of an intrusive sheet of basalt, the presence of which would indefinitely reduce 
the prospect of success; so the project was abandoned. This position also is 
close to the north boundary of the basin and within the zone of special dis- 
turbance. 

Two other trials of this series remain to be noticed, those close to the patches 
of Talchir rocks. One on the road from Piparia station to Pachmarhi, within 
50 yards of the Talchir outcrop, was sunk to a depth of 285 feet entirely in coarse 
mottled deposits of the upper Gondwanas, shewing that their junction with the 
Talchirs must be exceedingly steep, if not faulted, and that the coal-measures, if 
present, are beyond easy reach. Another trial, now in progress, on the Anjan, 
close to the road from Bankeri station to Pachmarhi, is also close to an outcrop 
of Talchirs *, it has reached a depth of 186 feet, entirely in mottled sandy clay of 
the Bagra group. 

These trials may be taken as closing for the present the exploration of this 
region of the basin, unless in immediate continuity of the Mohpani field on tho 
Siiariva. Should this fail, the nearest prospect is in the Shahpur field on the 
side of the basin. 
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Pumjab* — Mr. Wynne was fully occupied during last season in mapping the 
structural features of the tertiary basin between the Salt Range and the moun- 
tains to the north, and often spoken of as the Potwar, or the Rawalpindi plateau. 
It is, on the whole, a broad synclinal, with many subordinate axes of flexure. 
The changes in composition of these tertiary deposits according to position with 
reference to the mountain region and to the great river courses, combined with the 
great disturbance they have undergone, is a constant obstacle to the attempt to trace 
the zones of contemporaneous strata. To do this with any certainty will be a 
work of great labour which the Survey is not at present prepared to undertake ; 
yet until this is done, it will be impossible with any nicety to indicate the order 
of succession of the vertebrate fauna, which forms the chief interest of these 
formations. The more regular sections of the corresponding deposits in Sind 
may furnish this important clue to the horizons in the Sub-ITimalayan region. 
A sketch of Mr. Wynne’s work, with an outline-map, is given in the Records 
for last August. 

Mr. Theobald has added largely to our collections of fossils from these rocks 
in the Potwar during the past season ; but it is only in an approximate and 
often doubtful way that the specimens can be assigned to jbhe different horizons : 
Mr. Theobald reports favourably of the assistance he has received in this work 
from the apprentice Kishen Singh. A notice of these collections up to date is 
given by Mr. Lydekker in the current number of the Records. 

The post-tertiary deposits of this region offer a study of much interest. They 
are found resting upon tilted Siwalik strata at very high levels over the actual 
river courses, so that prodigious denudation must have taken place since they 
were laid down. There is much evidence to suggest that glacial action took a 
direct part in the accumulation of some of these deposits. 

Sind . — During the working season of 187G-77, Mr. Blanford and \ir. Fcddon 
completed the mapping of Sind, west of the Indus. A considerable portion of the 
country had been examined in the two preceding seasons, but in several districts 
the examination had only been partial and preliminary. In the course of the past 
season Mr. Blanford re-examined the Khirthar range from its northern termina- 
tion west of Jacobabad to the neighbourhood of S eh wan ; he then re-mapped the 
cretaceous rocks in the Laki range south of Sehwan, and aftor completing the 
geological lines in the Habb valley, and marching westward along the coast as far 
as Sonmiani, returned to Calcutta at the commencement of March, to continue 
his work on the geological manual. 

Mr. Fedden, starting from Karachi, mapped the large tract of country west of 
the Laki range, from the neighbourhood of Sehwan to the sea, an area of nearly 
5,000 square miles. The ground had been partially examined before, but the 
greater portion of the details were completed during the past season. Large 
additions were also made to the fossil collections previously obtained. 

So much of the geology of SiiJd had been determined in the two previous 
seasons that, no very important additions could be expected. Still several slight, 
but useful, improvements were effected. The exact relations of the bed of trap 
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found in the Laki range had remained somewhat doubtful, the country in which 
the rock occurs being difficult of access, the geology complicated by faults and 
disturbance, and the topographical map very imperfect. It has, however, now been 
clearly ascertained that a band of contemporaneous volcanic rock, from 40 to 90 
feet thick, intervenes between the base of the Ranikot group (lower eocene) and 
the cretaceous beds, and there can be no reasonable doubt that this thin lava-flow 
represente the great mass of the Deccan traps. The geological position of these 
traps below the eocene group, as inferred from their relations in the lower iNar- 
bada (Kerbudda) valley, has thus been confirmed from independent evidence. 

The cretaceous beds between Ranikot and Laki have been found to be above 
1,000 feet thick, their base not being exposed, and they are sub-divided into three 
groups marked by differences of mineral character and of fossils. The lowest 
group is the limestone in which a Hippurite was found last year. 

In the Laki range and the country around Jhirk and Tatta, the nummulitic 
Khirthar limestone rests upon the Ranikot group, the latter being abont 2,000 
feet thick where most fully developed, and overlying the traps and cretaceous beds 
above noticed. But west of the •Khirthar range, in Upper Sind, Mr. Blanford 
found, in a traverse which he made for a short distance beyond the frontier on the 
upper Gaj river, a thickness of at least 10,000 feet of beds underlying the Khirtkar 
limestone, and having no resemblance to the rocks in the same position to the 
south-east. These lower beds on the west of the Khirthar range consist of shales, 
limestones, and sandstones ; and fossils were detected in places throughout the 
upper 4,000 or 5,000 feet, the lower portion being apparently unfossiliferons. All 
the fossils found were nummulitic and shewed the rocks to be of eocene age. 
Somewhat similar beds were observed on the Habb river, where the great mass of 
Khirthar limestone, so conspicuous throughout the greater part of Sind, completely 
thins out and disappears in the course of 20 or 30 miles. The calcareous shales 
and sandy beds which replace the limestone, and the very similar rocks seen 
beneath tluAypical Khirthars on the upper Gaj, are identified by Mr. Blanford 
with the beds which he traversed in Western Makran, between Gwadar and Jalk, 
in 1872. 

Both Mr. Fedden and Mr. Blanford have found that all the tertiary groups of 
Sind, although well marked and distinct in places, pass into each other elsewhere, 
thus repeating, in the extreme west of India, the phenomena already noticed in 
the Himalayas. It has been ^found very difficult in many cases to map the dis- 
tinctions between the different groups. In parte of Lower Sind near Karachi the 
Gaj (mioccne) and Manchhar groups appear to be completely intermingled, typical 
representatives of both being interstratified. This shews that the connexion 
between these two groups is closer than was at first supposed, and further evidence 
tending to a similar conclusion, and adding greatly to our previous knowledge 
of the later tertiary Vertebrata , has also been derived from the collections of 
mammalian remains made in the Manchhar beds. 

A few mammalian teeth and bones were found by Mr. Fedden in 1875-76 in 
the beds of the Manchhar group, and, oh examination by Mr. Lydekker, were 
to ©emprise some forms found also in tho Siwaliks, together with others 
unknown elsewhere, but having a somewhat older facies. In the course of the 
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past season a considerable addition has been made to the fossils previously obtained, 
and amongst other forms teeth of Scunitherium , AnthracMherium , Hyopotwmus , 
Acerothervum , and Awvphicyon have been procured ; all have boon determined by 
Mr. Lydekker. Several of these were found by the native assistant, Hira Lai, who 
accompanied Mr. Blanford ; others were obtained from native collectors. The 
specimens are rare and fragmentary, but sufficient has now been learned of the 
fauna to shew that it is older than the typical fauna of the Siwaliks, and that it 
should be classed probably as Miocene. 

It has already been mentioned in a previous report that the typical Siwalik 
fauna has been principally derived from beds in the middle of the group. All 
the fossils hitherto procured from the Manchhar strata of Sind are from close to 
the base, from the very beds which pass into the Gaj group, already shewn to be 
probably of miocene age on independent grounds. We have now found evidence 
of three later tertiary mammalian faunas in India ; (1) that of the lower Manchhar 
group and of some allied forms elsewhere ; (2) the typical Siwalik ; and (8) the 
pleistocene Narbada fauna, other intermediate formations having also been 
indicated. The Manchhar group has proved to coinprise a great thickness of beds, 
probably not less in places than 8,000 to 10,000 feet ; only a few fragments of 
bones have been found in the higher portions of the group, which may very 
probably represent the fossiliferous Siwalik rocks. 

The march to Sonmiani was undertaken in the hope of tracing a connexion 
between the Manchhar beds and tho highly fossiliferous rocks of late tertiary 
age on the coast of Makran, but unfortunately tho break between the beds of 
Sind and those of Makran appears to be greater than was supposed, the only 
formations seen between Cape Monze and Sonmiani consisting either of rocks 
certainly not of later date than eocene, or else of subrecent and alluvial deposits, 
whilst no appearance of the Makran beds could be detected except at a consi- 
derable distance west of Sonmiani. 

Mr. Feddon has done a very good season’s work, and has made a large and 
valuable collection of organic remains in the present and preceding years. He 
has now been sent to Kattywar to commence the survey of that province, his 
knowledge gained of the rocks in Cutch and Sind being a great advantage in 
studying the formations of the neighbouring peninsula of Guzerat. Since his 
return from privilege leave Mr. Fedden has been most usefully engaged at head- 
quarters in making a preliminary arrangement of the extensive series of fossils 
from Sind. 

One of the native assistants attached to the Survey in 1874 was sent with Mr. 
Blanford and another with Mr. Fedden, principally as fossil collectors. The 
former, Hira Lai, although requiring much additional training, proved useful and 
shewed great willingness ; but the assistant who accompanied Mr. Fedden, Ram 
Sing, was found to be of very little service, and as there appeard no prospect of his 
ever giving any assistance of value, it was recommended that his probationary 
service should terminate. He has since, by order of Government, been removed 
from the Survey. • 

Mr. Blanford, since his return from the field in March, has been engaged in 
office work, and especially on the preparation of the geological manual. 
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During the past field-season none of the officers of the Survey were absent on 
sick leave or furlough ; and still, compared with some seasons gone by, our muster- 
roll was short, sanction not being yet obtainable to fill the last three vacancies. In* 
view of the work remaining to be accomplished, especially in the geology of the 
Himalayas, for which arduous work a man must be in full physical vigour, this 
temporary suspension of our powers is much to be deplored. 

Publications . — It is pretty generally understood that in mixed publications 
of acknowledged authorship the writers are separately responsible for the opinions 
expressed, the editor’s veto being reserved for open breaches of logic or of pro- 
priety. As, however, I have been supposed to hold certain views, because they 
were allowed to appear in the Records of the Survey, it would seem to be the 
opinion of some that an official body of workers should run in a groove, that the 
chief of the staff should consider himself so superior to his official subordinates as 
to form, or at least control, their opinion. The notion may be a relic of the 
early British idea that a geological survey might be mainly carried on by men 
devoid of mental culture or scientific training, the materials so collected being 
worked into shape by a responsible head. In a civilised country, where the main 
lines of the work are # already laid down, and where it is always easy to visit 
and study any crucial features of the ground, such a system might, to some 
extent, be practicable; but the attempt would be impossible in Tndia, whore, 
off the main highways, one can only move about with all the incumbrances of a 
camp ; so that the work of inspection would take nearly as much time as the 
preliminaiy survey. But, indeed, there is no cause to regret the absence of a 
system based upon an essentially narrow idea of geological work, in which the 
important duty of making and recording observations of obscure facts is entrusted 
to men who can have but a feeble conception of what they are about, and 
who are without the sure incentive of responsibility for the finished work. 

No donfit, however, a chief of the staff is in a peculiar position as editor 
of a departmental publication, but it seems to me that the rationale of the 
position tends in our case to loosen rather than to tighten the bonds of his 
responsibility. As official head of a body of scientific workers, his functions are 
rather those of the heads of the intelligence and commissariat departments than 
of the commanding officer. Unless under very unfortunate circumstances, he 
would certainly have colleagues as competent as himself to do work, and to 
whom any dictation on his part would be impertinence. In so complex a business 
as a geological survey, there must be several experts more proficient in their 
several branches than any one can be in them all, and whose work can only 
be fully criticised by their peers. Thus, then, the business of the department 
being to collect and publish information, which is not obtained by manual opera- 
tions performed by rule, but must be the result of pure intelligence, every 
member has more or less pf a right, according to his ability to produce finished 
work, to appear as author of that work. And so, under anything like normal 
conditions, the editorial responsibilities become distributed; and so far, too, it 
beOpmes unreasonable to charge the Survey collectively, or its official head, with 
views that may be taken by one of its members. In many matters, uniformity 
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must, of course, be insisted on ; but some freedom of speculation is necessary to 
the individual life. 

Several considerations of expediency support these principles of right. It 
would be absurd to accept and publish a man’s description of objects or pheno- 
mena and not allow him to expose his reasoning thereon. The elements of 
observation in geological researches are not simple, or to any extent quantitative ; 
they can only be fairly exhibited when put together in argument; and "this 
test i& also needed to discover the bias of the observer’s mind, the colour of his 
spectacles, and hence the value even of his plain record of facts. No less may 
this public exposure be needful to bring the observer to his senses. Ignorance or 
conceit that would be quite unmoved by individual opinion, may stand corrected 
before a competent public opinion ; and the want of a critical public in India is 
perhaps the most serious obstacle to our progress. In the absence of local censors 
we must seek for them abroad, or even permit some mutual criticism in our own 
ranks. Unfortunately error itself, as presented by a man of any professional 
education, is often under the protection of the majority ; but in this case, too, 
exposure is the only remedy. On the other kand, coercion and suppression 
are fatal to human energy of any kind, especially to the development of thought ; 
and mutual encouragement to thought should be the ruling relation in a body 
of colleagues united in the bonds of a common study. 

These considerations are not intended to cover any shirking of the great 
responsibility that undoubtedly attaches to my post, but only to meet certain false 
views of what these duties are. There are very special dangers and difficulties 
in the course I would take; notably the encouragement offered to impostors 
by facility of publication. Men who have nothing to say worth listening to are 
often the most anxious to come forward ; they would fain measure their own 
worth by the number of papers or the amount of print having their name 
attached, — floods of inane descriptive matter without a suggestion of meaning (as 
if any man could extract positive knowledge from the observations of ^quacks), or 
else one-sided pictures from the point of view of some foregone conclusion. 
We must only recollect that there can be no wheat without chaff and straw, and 
that the human mind is not an annual that flowers only once, but a strong plant 
that can bear much pruning and grafting. 

The foregoing remarks will explain how the Records of the Survey for the 
past year have swelled to unusual proportions, but 1 trust that, on the whole, the 
change has been to the advantage of our public and ourselves. 

I have to apologise for the non-fulfilment of a promise made in the last annual 
report. Inexperience of large undertakings and a too sanguine temperament 
led me to hope that the Map and Manual of tho Geology of India could be 
ready by the middle of the past year, whereas much still remains to be done on 
both, although, with due regard to other necessary work, no time has been lost in 
their preparation. We can, I think, with certainty promise it for the middle of 
the current year. 

Volume XIII of the Memoirs was issued early in the present year, with 
coloured maps of two important areas — the Rajmahal hills and the Wardha valley 
coal-fields. 
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Volume XIV, containing Mr. Wynne’s description of the Salt Range, with 
numerous plates and illustrations, was fully printed off before the end of the year, 
but there will be unavoidable delay in its issue on account of the map, which 
presents an intricate piece of colour-printing, and the lithographic branch of the 
Surveyor General's Office has been so much engaged upon the geological map of 
India that the printing of the Salt Range map has been inevitably postponed. 

I am glad to announce that all the fossil collections from the Salt Range i 
below the nummulitic horizon, have been confided for description to Dr. Waagen, 
who studied the formations on the ground and added largely to the collections. 
As the Survey has been so unfortunate as to lose Dr. Waagen 's permanent 
services, through his inability to endure the Indian climate, we are most fortunate 
to have secured his co-operation in this very important work, for which lie is so 
eminently qualified. % 

Of the Paljgontologia Indica three fasciculi were issued before the close of 
1877 : two (Ser. II, 2 and 3) by Dr. Feistmantel on the flora of the Rajmahal 
group in the Rajmahal Hills, and near Golapili, in continuation of the work by 
Dr. Oldham and Professor Morris on the same group of fossils, published in 1802. 
The third is by Mr. Lydekker, forming the second number of Series X, devoted 
to the description of ttye Tertiary Mammalia. , 

Through the kind services of Dr. Oldham in England, we have obtained de- 
scriptions by Sir Philip Egerton and Professor Miall of some interesting vertebrate 
fossils from the Gondwana deposits of Kota-Maleri. The printed sheets and 
plates of this work were received in Calcutta before the close of the year and have 
since been issued, with a supplementary note by Mr. Blanford on the stratigraphy 
and homotaxis of these deposits. 

Two other fasciculi of the PalaBontologia were finally passed for press before 
the close of the year and are now ready for issue: one (Ser. XI, 2) by Dr. 
Feistmantel on the Flora of the Jabalpur group ; and one (Ser. X, 3) by Mr. 
Lydekker on some Siwalik Mammalia. 

Library . — During the year 1877 the library of the Geological Survey has 
received an addition of 1,355 volumes ; 784 by purchase and 571 by presentation 
or in exchange. 

For the last three months the library-room has been in great disorder during 
the construction of a gallery and additional cases. As soon as this work is com- 
pleted and the books arranged, the whole will be carefully checked and compared 
with the manuscript catalogue, which will then be printed. 

Museum . — Much progress has been made in bringing the Museum into order. 
In December the new wall-cases in the main paleeontological gallery were finished ; 
and they are now completely filled with our standard series of fossils in biological 
succession, though of course at present only in rough generic order. The final 
arrangement and labelling of the specimens on the shelves will be a tedious labour. 
In the gallery for Tertiary Mammalia the wall-ebses were also finished in December. 
f Mr. Lydekker has these collections so well in hand that the whole are now in 
excellent approximate order with suitable labels. * 



PART 1.] 


Annual "Report for 1877. 


15 


In the mineralogical gallery a new set of table-cases were provided during the 
past year for the minerals and rocks ; and, thanks to Mr. Mallet’s industry, our 
valuable scries of mineral types is now laid out in perfect order. A valuable 
addition to this collection was made during the year by exchange with the Mineral 
Department of the British Museum. 

Mr. Mallet has also made much progress with the classification of our collec- 
tions of economic minerals, both Indian and foreign. This is a branch of our work 
to wjiich I hope to direct more attention than it has hitherto been possible to do 
for want of space. 

Series of rock specimens, both Indian and foreign, have also been laid out. In 
the Indian series we must for long be content with much apparent disorder, or at 
least temporary grouping and labelling, for it represents the current state and 
progress of the geology of India, which is far from having approached completion. 
The collection is not even up to date, for hitherto it has been necessary to dis- 
courage the collection of rock and mineral specimens for want of place to keep 
them in. 

Tho geological galleries of the Museum have, been open to the public since the 
1st January of this year. 


Calcutta, 
January 1878. 


H. B. MEDLICOTT, 

Supdt. of Geological Survey of Lidia. 


List of Societies and. other Institutions from which publications have been received in 
donation or exchange for the Library of the Geological Survey of India during 
the year 1877. 

Amsterdam. — Royal Society of Batavia. 

Belfast. — Natural History and Philosophical Society. 

Berlin.— German Geological Society. ' 

„ Royal Prussian Academy of Sciences. 

Bombay. — Bombay Branch of the Royal Asiatic Society. 

Boston. — American Academy of Arts and Sciences. 

„ Boston Society of Natural History. 

„ Museum of Comparative Zoology. 

Breslau. — Silesian Society of Natuiul History. 

Budapest. — Royal Geological Institute of Hungary. 

Buffalo. — Buffalo Society of Natural Sciences. 

Calcutta. — Asiatic Society of Bengal. 

„ Meteorological Survey. 

Copenhagen. — Royal Danish Academy. 

Davenport. — Academy of Natural Sciences. 

Dresden. — The Isis Society. 

Dublin. — Royal Irish Academy. 

Edinburgh. — Royal Scottish Society of Arts. 

„ Royal Society. 

Geneva. — Physical and Natural History Society. 
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Glasgow. — Geological Society of Glasgow. 

„ Glasgow University. 

„ Natural History Society. 

„ Philosophical Society of Glasgow. 

Lausanne. — Vandois Society of Natural Science. 

Liverpool. — Geological Society of Liverpool. 

„ Literary and Philosophical Society. 

London. — British Museum. * 

„ Geological Society of London. 

„ Linnean Society. 

„ Royal Asiatic Society of Great Britain and Ireland. 

„ Royal Geographical Society. 

„ Royal Institution of Great Britain. 

„ Royal Society of London. 

„ Zoological Society of London. 

Madrid. — Geographical Society of Madrid. 

Manchester. — Geological Society. 

„ Librarv and Philosophical Society. 

Melbourne. — Mining Department, Victoria. 

„ Royal Society of Victoria. 

Moscou. — Imperial Society of Naturalists. 

Munich. — Royal Astronomical Office. 

Munich. — Royal Bavarian Academy of Sciences. 

Neuchatel. — Society of Natural Science. 

New Haven. — Connecticut Academy. 

„ Editors of the American Journal of Science. 

Paris. — Geological Society of Prance. 

„ Mining Department. 

Philadelphia. — Academy of Natural Sciences. 

„ American Philosophical Society. 

„ Franklin Institute. 

* Plymouth. — Devonshire Association. 

„ Royal Geological Society of Cornwall. 

Rome. — Geological Commission of Italy. 

„ Royal Academy. 

Roorkee. — Thomason College of Civil Engineering. 

Salem. Mass., U. S. A. — American Association for the Advancement of Science. 
99 Essex Institute. 

St. Petersburg. — Imperial Academy of Sciences. 

Sydney. — Royal Society of New South Wales. 

Toronto. — Canadian Institute. 

Turin.— ^Royal Academy of Science. 

Vienna. — Imperial Academy of Sciences. 

„ Imperial Geological Institute. 

Washington.— Department of Agriculture, U. S. A. 

„ Smithsonian Institute. 
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Washington. — United States Coast Survey. 

„ United States Geological Exploration of the Fortieth 

Parallel. 

„ United States Geological Survey of the Territories. 

Wellington. — Geological Survey of New Zealand. 

„ New Zealand Institute. 

Yokohama. — German Naturalists’ Society. 

York. — Yorkshire Philosophical Society. 

Governments of India, Madras, Bombay, and the Punjab ; Chief Commissioners 
of British Burma, Central Provinces, Assam, and Mysore; Superintendent of 
the Revenue Surveys ; and the Resident, Hyderabad. 


Notes on the geology of the upper Goddvari basin, between the Bdver Wardha and the 
Godavari , near the Civil Station of Sironcha , by Theodore W H. Hughes, 
A.R.S.M., F.G.S., Geological Survey of India . 

In the Memoir on the Wardha valley coal-field, an arbitrary lino along 1D° 
30' north latitude was adopted as the southern limit of the field, there being 
in that direction no definite geological boundary of contrgisting rocks within 
the geographical confines of the Wardha valley. The same series and groups, 
in fact, stretch continuously to the south-east beyond the Wardha field, down 
the adjoining valley of the Pranhita and that of the GodAvari, for more than 
230 miles, thus making one great geological region, embracing a large portion 
of the drainage area of three distinct and important rivers. This region, 
which, towards the north, has mainly been surveyed by Mr. Fedden and 
myself, has, towards the south, been under Mr. King’s care. We have now 
brought our leading geological lines from each side to the Godavari river, and 
there only remains the work of investigating the slight difference that must 
necessarily have arisen when observers start from widely separated points. 
This duty Mr. King undertakes next season. 

My most recent field notes refer to the district between the Wardha valley 
and the Godavari (from Naspur to Sironcha), an area that has up to this time 
been only cursorily examined. 

I was able to distinguish in descending order the— 

Trap series— 

Chikiala group 

Kota-Maleri „ 

Kamthi „ 

Barakar „ 

* TAlchir „ 

Vindhyan series. 

Metamorphic series. 



A. — Metamorphic and Vindhyan Series. 

The rocks of the metamorphic series were found always exterior to the 
Gondwana area. With one exception this is also the case with the Vindliyans : 

o 
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from Metinddni, in the north-west, to Berda they are the fringing rocks ; again, 
from Kairgiira to Naspiir, and from Mutlagiiram, on the Pranhita, to the neigh- 
bourhood of Bijdr. Near Chinur, however, there is au inlier of Vindhyans of 
several square miles in extent. 

On the east and the north sides of this inlier, the Gondwanas appear to rest 
naturally on the Vindhyans ; but on the west face the former are, I think, faulted 
against the latter, as no group of older age than the Kota-Maleri is seen in that 
direction, whereas, on the Chinur side of the inlier, Talchirs occur, and at the 
same surface level. The alternative supposition that the contact of the Kota- 
Maleris and the Vindhyans is an original one— all the older groups of the Gond- 
wanas having thinned out — is highly improbable in face of this fact of similarity 
of surface level ; and there seems to me to be further proof of the fault in the 
God&vari itself, where the Kota-Maleris are in contact with the boulder bed of the 
Talchir group,— -high and reverse dips being visible. 

It was impossible to trace the fault in a north-west direction beyond the 
vicinity of the inlier, but on the map I have indicated a probable course, 

• 

B.— Gondwana System. 


• I. — Talchir Group . 

This, the lowest group of the Gondwdna system, occupies a long belt of ground 
along the western border of the Gondwfina area ; a small strip near Chinur ; and 
a few little patches elsewhere. 

Its characteristic features are well seen in many sections, but the needle shales, 

Needle shales not prominent. instead of beill & the most P rominent rockR > are q uito 

subordinate to the sandstones. It was rare indeed 

to meet with any of the former. The boulder bed, however, is strongly developed, 
and in some places is the only representative of the group. This is so in tho 
case of th^little patch of Tdlchirs near the boundary of the Vindhyans north of 
Naogaon. The boulder bed is conspicuously exposed in the vicinity of M&doram, 
and near T&ndur ; and more or less continuously from K&siptir to Naspur. In 
the Godavari river, it is seen on the right bank near Sandrapali. Many of tho 
boulders are of gneiss and of enormons size, but the generality are small, and 
consist mainly of Vindhyan shales, limestones, and sandstones. 

It is easy to trace the Extension of the Talchirs northwards in the direction 
of Chinur by means of the boulders strewn on the surface ; many of the blocks 
being of gneissose and granitic composition. Such, when met with, may, I 
Gneiss boulders indicative of think, unhesitatingly be accepted as signs of the 

T&lchir formation. T&lchir group, not a single instance of their 

occurrence in any of the other groups of the Gondw&na system having ever come 
within the range of my experience. The doubts that assailed me as to the true 
horizon of the boulder be<i when I first noticed it near Sandrapali were dispelled 
so soon as I discovered gneiss and granite boulders. 

The boundaries of the Talchir group are almost eveiywhere those of original 
contact ; but in the neighbourhood of Kfaipur, and between that village and 
Akn&pali, there ore several faults. The most distinct of them is the one that I 
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have indicated as being probably the continuation of the fault along the west faoe 
of the Yindhyan inlier near Chinfir. It is very plainly seen a few yards below 
the junction of a small stream with the river shown on the map as flowing from 
the direction of Batwanpali towards K&sipur. The dip of the Talchirs is in con- 
trast with that of the Vindhyans, the latter varying between 20° to 40° east of 
north, that of the former being north-westerly. 

I have not been able to trace, as closely as I could have desired, the limits of 
the Talchirs between Sarangpali and Naspur. Amongst the causes that prevent- 
ed me from so doing, the most trying difficulty to encounter was the real or pre- 
tended incompetency of the guides. They could direct me from their own village 
to the next one so long as I kept on the main road, but if I ventured to strike 
into the jungle, troubles at once commenced, a cloud of incomprehension settled 
on them, and to every question regarding distances, relative positions of rivers, 
hills and villages, I received one constant answer “ Yerki ledu ” “ don’t know.” It 
may be that the tendency of the people (Gonds and Kolams) to change their 
place of habitation at short intervals, prevents them from becoming acquainted 
with more than a circumscribed area around their* temporary houses, but on many 
occasions I suspected that ignorance was affected in order to avoid possible com- 
pulsory service of unknown duration. 

In addition to the infliction of unqualified or unwilling 'guides, supplies were 
difficult to procure, villages being small and far apart, and a more than usually 
large number being deserted 1 owing to the want of water, there having been 
a failure of rain in the monsoon. 

The map was a most unreliable source of reference in many instances. For 
Map unreliable near Sprang- example, near Sarangpali, the large river west of 
P a,i - the village is shown as being distant about a mile, 

Whereas in reality it is nearly three miles away. And the river east of S&rang- 
pali, instead of rising in the neighbourhood of Yenkatapuram, takes its origin near 
Sarangpali. The error in placing the large river west of Sarangpali %o close to 
the village, has thrown my boundary line entirely out, and I have had to reduce 
the real breadth of the Talchir exposure by at least three-quarters of a mile. 

I failed to discover any organic remains, although 1 occasion^ly made very 
diligent search in places where I hoped success might reward my labours. That 
the Talchirs contain several plant forms has been demonstrated by Dr. Feist- 
mantel, and I was extremely anxious to collect a feW specimens from the upper 
Godavari area, in order to compare them with the flora of our Bengal fields. 

IL—Barakar Group . 

The lithological features of this group are quite as characteristic here as in 
the Wardha valley, and there is no difficulty in recognising the formation where 
there is a fair exposure of it. But the drawback to identifying it, and tracing its 
boundaries, is the fact of the veiy incomplete sections that one has the opportunity 
of examining. It will be seen by looking at the map that no Barakars are shown 
a — 

1 It is the wont of the Gonds and Kol&ms to leave their homes in the warm season for service 
with the proprietors of villages whose lands are more fertile and better cultivated than their own. 
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overlying the Talchirs between K&sipfir and T6tmatla on the left bank of the 
Godavari. Now, I f am by no means prepared to assent that Barakars do not 
occur exposed at the surface, but in the absence of a single section to which I can 
refer as yielding undoubted evidence of the presence of Barakar strata, I have 
preferred to suppress the probable boundary lines which it would have been 
easy for me to indicate. The more so also, as perhaps an erroneous impression 
might have been conveyed respecting the possible existence of coal. 

Actual coal outcrops occur only in a few places. There are none in the small 
patch of BarAkars overlying the Tdlchirs north of Naogaon. But in the belt 
of rocks extending from Kairgfira to Tandur and onward, there are several ex- 


posures of coal. 

The most northerly of these is one near Kairgura. The seam is seen in the 
right bank of the river that flows past the village 
in the direction of Chirakunt, a few yards north 
of the Tirani road ghat. Only a portion of its total thickness is visible. 
Descending, the section is : — 


Coal scam near Kairgura. 


Coal . . • . 

Carbonaceous shale 
Coal 

Carbonaceoyjs shale and coal 


. 3'*0" 
. 0 / *8" 
. O'-?" 


The dip is a little east of north, at an angle of 15°. 

In a small stream, east of the main river and tributary to it, a much clearer 
section of the seam is exposed, and its entire thickness is 15 feet. Most of it 
is coal, and much of it of fair quality. Tho average composition is, according to 
an assay made by Mr. T. H. Turner, the Assistant Curator of our Museum, — 


Volatile matter (moisture 9*4 per cent.) 
Fixed carbon 

Ash . • » • 


42*2 

456 

12*2 


100*0 


Like the coal of the Wardha valley, and those of the several Godavari fields, 
there is a large amount of moisture in this sample. The fixed carbon is some- 
what deficient, but the proportion of ash compares favorably with the standard for 
ordinary Bar&kar coals. Underlying the seam is sandstone identical with that 
which in the Wardha valley I have described as “nodular sandstone,” and which 
there always occupies a position immediately or almost immediately (argillaceous 
shale sometimes intervening) under the coal. In the area that I am now 
describing, this kind of sandstone is constant in such sections as are exposed, 
and I would accept it as an almost sure sign of coal. 

There are no Talchirs seen below the Barakars, in the river or elsewhere near 
Kairgdra, the former being overlapped by the latter, which here rest naturally 
tipon theVindhyans. % * 

The next outcrop of coal that I met with was about half-way between 
Ctad outerop between Kair- Kairgura and Afcdpur. I look upon it as being the 
Abaptirv extension of the Kairgtira seam in a south-easterly 

^jledaon. At the surface it shewed a diminished section, being only 5 feet, 
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instead of 15 feet thick. It is probable, however, that when sunk into, an increase 
will be proved. The Quality of the coal appears to be the same as that at 
Kairgfira, and it possesses the same tendency to split, after exposure to the air 
for a short time. 

Another outcrop of this seam may be seen in the branch stream of the 
~ ,. Guloti river coming- from Abapur. It is, as usual, 

near the top of the group, and is underlaid by very 
typical nodular sandstone. There is no other section in which the Barakars are 
so fairly exposed as in this one ; and all the rocks are sufficiently characteristic 
to render their determination a matter of ease. The total thickness of the seam 
measurable is 9 feet. The direction of its dip is north 20° east, and angle 
of inclination 11°. 

I met with no other outcrops of coal, except the three mentioned above ; but 
the fact that coal occurs, and is visible at intervals over a length of seven miles 
of country, makes it highly probable that it is continuous throughout the belt of 

„ , . ... Bardkars from Kairgura to Aknapali. To test this 

Bore-hole positions. . ” r 

point, bore holes may > bo put down anywhere near the 

junction of the Kdmthis and Bardkars, some allowance being made for overlap, for 

here, as in the Wardha valley, the former creep over the shore edges of the latter. 

From Akndpali to Tetmatla, there are no Barakars showft upon the map. As 
I have already said, I am not prepared to maintain that they are absent, but I 
did not come across a single section which satisfied me that the rocks I saw were 
Sandstones resembling Bara- those of the Bardkar group. Near Tdtmatla there 
h ftrs * are sandstones which at first sight are somewhat 

difficult to discriminate from Bardkars. In colour and texture and composition 
they are undistinguishable, but their method of weathering is different. They 
have rounded outlines, and they have lost the distinctness of their lines of 
stratification — a feature not usually observable in the Bardkars, but common in 
the Kdmthis. I have accordingly placed them in the latter group. 

Although Bardkars are not seen, it is quite possible that coal exists, and I 

Borings recommended would advise sites near Sdrdngpali, Yenkatdpuram, 

and Tetmatla as being likely to prove successful in 
the event of borings for coal being undertaken. In the river east of Tdtmatla, 
about 500 or 600 yards above its junction with the Goddvari, there are some very 
promising Kdmthi sandstones, and a hole of 300, or at the most 400 feet, ought to 
strike coal if it occur. 

The only other remaining Bardkars in the field that I could recognise occupy 
a narrow strip of country extending from Chinur to Sandrdpali. That these rocks 
are of Bardkar age, is testified by their well-marked lithological characters ; and 
in the Goddvari the nodular sandstone is a prominent and specific indicator of 
the group. The thickness of the entire series of beds is under 200 feet. There 
is no outcrop of coal, but the sandstone immediately under coal occurs at the 
Probable occurrence of coal mouth of the Sandrdpali stream, and a boring in 
at Sandrdpali. the right bank of the Goddvari, a little below the 

union of the two rivers, will in all likelihood strike coal, within a moderate depth 
from the surface. I found large fragments of coal in the bed of the Goddvari 
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opposite P&lgtila, and I traced them up to within a mile or so of Sandr&pali. 
This discovery was additional, and very satisfactory, evidence of the existence of 
coal somewhere in the neighbourhood of Sandr&pali, and I have no doubt what- 
ever that the site I have recommended for a bore hole is a spot which, when 
tested, will justify the anticipations that my observations have given rise to. 

Two of the pieces of coal that I picked up, I sent to the Tahsils of Chinur 
and Maddptir to be deposited there and shown to such as might be interested in 
mining matters* and who perchance would pay a visit to Sandr&pali on hearing 
of the likelihood of coal being found in the vicinity. 

Measuring as the crow flies, Sandrapali is only six miles from Sironcha, a 
station that, by the completion of the Godavari navigation scheme, would be 
brought into communication with the coast line of the Bay of Bengal. In the 
event of steamers plying up and down the river, it would be a convenient dep6t 
for coal, with the advantage of being in British and not foreign territory. 

Some thirty years ago, hope and rumour pointed to Kota, a fortified village on 
Expectation of coal at Kota the left bank of the Pranhita, four miles above Siron- 
not realised. cfca, as a likely locality for coal. The expectation 

was never realised, but it is somewhat interesting to know that if efforts had been 
guided to an almost equal distance from Sironcha, and in a direction opposite to 
Kota, coal might periiaps have been discovered. 

The question of available fuel near Sironcha is not of such moment with 
reference to the requirements of a railway, supposing the Wardha Valley State 
line to be pushed on in the direction of Haidar&b&d. Such extension would 
probably follow a course that would render the localities at which outcrops have 
been mentioned, or the spots where borings have been recommended, more con- 
venient centres of supply. 

That coal occurs at Sandrapali is, of course, only a supposition, but a suppo- 
sition that, according to my belief, is very little removed from a certainty, and as 
a shallow # boring or two will suffice to set doubts at rest, I would advise early 
Borings at Sandrapali ad- action in the matter to be taken. With positive 
tised* knowledge of the existence of coal, instead of a 

hypothetical basis to go upon, schemes depending upon the accessibility of coal 
within given limits may probaby be bro tight to an issue. 

To my knowledge there are no Bar&kars in the valley of the Pranhita, and 
I was unable to recognise aily along the north-east boundary between MutMgdram 
and Kirmiri. 

III. — Karnthi Group. 

In the determination of this group, I have been mainly guided by my ex- 
perience of it in the Wardha valley coal-field. At the base, we there had a 
series of sandstones usually coarse-grained, porous and friable, and slightly 
yellow, reddish-brown or grey in colour ; above, more compact sandstones. The 
characterof the sands topes at the base is what I wish to draw attention to, for 
m several places in the area that I am describing in this paper, I have depended 
sandstones, typical upon the poros&y of the sandstones for the correct- 
ness of my assignment, but, of course, it must be 
understood only when the sandstones exhibiting this feature were at Buch an 
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horizon that the analogy with the Wardha valley might be quoted to justify 
my having done so. 

As specific rocks in the higher portion of the group, I have accepted the 
compact argillaceous shales and sandstones of deep red, buff and pale purple 
colours, they being very characteristic, both in the district from which the Kdm- 
this derived their name, and in the Wardha valley. 

The mapping of the Kdmthis has been beset by the same difficulties, arising 
from imperfection of sections, &c., as were experienced in the case of the Tdlchirs 
and Bardkars. The aspect of the strata composing the Kamthi group being 
also much more diversified, it was not always that one could vouch so positively 
for the correctness of one’s determinations of isolated rocks as in instances where 
Talchirs and Bardkars were concerned. There is not the sameness in the Kamthi 
group, as in the other two, and it was always necessary that one should be pre- 
pared to receive as a portion of its series a bed of uncertain aspect. 

The lower boundary of the Kdmthis may be accepted as fairly accurate through- 
Lower boundary of group out, but the upper is open to possible correction. Mr. 
fairly accurate; upper boundary King and myself differ slightly as to what shall be 
questionable. considered the limit to the Kdmthi group. In his 

paper, contributed to the Records of the Survey (Yol. X, page 55, 1877) he 
introduces between the Kdmthis and the Kota-Maleris, a group consisting prin- 
cipally of sandstones, which he names after the town of Sironcha. I see no 
necessity for establishing this group. The sandstones from Sandrapali to the 
junction of the Godavari and the Pranhita at any rate are undoubtedly Kam- 
this; and sandstones differing in no respect from those opposite Sironcha are 
to be found above what I imagine to be beds of undisputed Kota-Maleri age. 
One of the chief reasons for the elevation of the Sironcha sandstones into a 
separate group was founded upon an erroneous observation which modified a 
case of oblique lamination into one of unconformity. 1 On re-examination, this 
season, of the section (which Mr. King and I on the first occasion visited 
together) where we formerly thought ourselves justified in concluding that 
there was a slight unconformity in the succession of the beds, I saw reason to 
change my opinion. Referring the point to Mr. King for his judgment, he, after 
inspecting the section again, agreed with me. As therefore there is no break, 
I am inclined to throw the boundary of the Kdmthis more to the north and east, 
thus subtracting a considerable thickness of beds from the Sironcha group. It 
is quite true, as Mr. King remarks, that opposite Sironcha the sandstones differ 
in many points from those of the country to the south (and north-west). “They 
are micaceous , thick and thin-bedded, harsh, even-textured, grey and brown 
sandstones, but they at the same time contain fragments of buff and pink 
shales.” On lithological grounds I think they are separable from the Kdmthis, 
and so far I agree with Mr. King, but, instead of isolating them, I would, place 
them with the Kota-Maleris. 

The leading characteristics of the Kdmthis within the limits of my work, 
correspond with thosd already set ^ forth in the first place by Mr. Blanford, 


1 Records, Geological Survey of India, 1877, Vol. X, Part II, page 61. 
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and in the second place by myself. 1 It seems to me unnecessary therefore 
to repeat them in a special paragraph, the purpose of this papor being satisfied 
if I allude to them incidentally while describing the distribution of the group. 

The most northerly rocks are those which form the extension southward of 
the TTfrm+Jn area, the description of whieh in the Memoir of the Wardha valley 
ended at the arbitrary boundary of 19° 30" north latitude. 

The bottom coarse-grained, porous and friable sandstones are very well ex- 
posed in the river flowing past M&rpali in the direction of Sirpur, and along 
the west boundary generally they are clearly seen. They rest upon Vindhyans 
as far south as Ghitakunta. 

The upper rocks, consisting of fine-grained, compact sandstones; granular, 
brown, ferruginous sandstones ; and coarse, white and grey, felspathic sandstones, 
constitute high land north and south of the Merpali river. They are gradually 
overlapped by the Kota-Maleris as they extend southward, and where the bound- 
ary turns to the west, there is a great decrease in the thickness exposed. A 
moderately fair section of the Kimthis is seen in the Jangaon river, and near 
Dabagur there is a thin bed of slightly carbonaceous shale. It is so very rare to 
meet with anything at all approaching carbonaceous shale in the KSmthis, that 
I notice its occurrence in the present instance as being an unusual circumstance. 
Above Dabagur, towards R&jur, there are some red clays associated with the sand- 
stones, and this gives some ground for suggesting that the determination of these 
as Kamthis is incorrect ; and that they ought to be placed amongst the Kota- 
Maleris. Red clays are certainly very common amongst the Kota-Maleris, 
and especially so in the Jangaon valley, but the sandstones with which the 
rod clays in question occur, are not of the Kota-Maleri type, but resemble closely 
some of the sandstones of the lower scries of the K&mthis. South of the 
Jangaon river the K&mthis appear in their greatest force and stretch for 50 
continuous miles from Chir&kunt to the banks of the God&vari. All the different 
varieties oj sandstones that the group possesses are represented : the compact grits 
breaking with a conchoidal fracture, the blotchy sandstones, the ferruginous 
sandstones, the porous sandstones, &c., &c. The middle and the upper sandstones 
form a good deal of high land. Towards the base of the principal range of hills 
extending from N£mur to Kansapet compact argillaceous sandstones occur. 
These are very characteristic rocks of the K&mthi group, but they are by no 
means of such frequent occurrence in the God&vari area as they are a hundred 
miles further to the north. 

Looking at the map, it will be seen that in the God&vari river above San- 
drapali, I have marked the upper limit of the Kamthi group as being near 
Ar&nda. By this assignment, the rocks that Mr. King distinguished as T&rch6rla 
sandstones (from a village 12 miles to south-south- west of Arenda) are brought 
within the embrace of the K&mthi area. I believe the evidence as to the true 
position of these T&rcherla sandstones further to the south is somewhat obscure, 
it being possible indeed to infer that they are lower in the series than the 
K&mthis. Unless the rendering of the Gocl&vari section, however, has been 


1 Memoirs, Geological Survey of India, Vols. IX and XIII, 
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complicated by faulting that I have overlooked, the T&rcherla sandstones are, 1 
think, more properly placed with the Kdmthis than below them. 

Bocks that I consider to be K&mthis occur east of Chinur, and overlie the 

Kimthi group near Chintir. Bardkars at Sandrdpali. The porous type sand- 

stones are exceptionally well developed near Chin- 
talaptir, where they form a low ridge striking north-west and south-east. The 
more compact varieties are best seen in the direction of Kotapali. The upper 
boundary as marked by me, near Sironcha, is open to question, for the reason 
already pointed out, that Mr. King is inclined to introduce a group between the 
Kfanthis and the Kota-Maleris. To the introduction of this group I am some- 
what opposed, the grounds for the separation being to my mind insufficient. 

IV.— Kota-Maleri Group . 

Overlying the K£mtKi group are the Kota-Maleri beds, made up largely at 
the base of red and green clays ; fine-grained, speckly-grey sandstones ; open 
mottled purple or red and white sandstones; thick-bedded white sandstones, 
with coarse gravel scattered through it in parts or # occurring in ill-defined runs; 
soft and somewhat unctuous sandstones of various colours ; and pisolitic argilla- 
ceous sandstones and grits : most of these lower sandstones contain clay galls. 
The clays, and more especially the red t ones, are the mosif conspicuous beds of 
the group, and at the same time form a very striking feature in the surface 
aspect of the country. Over considerable areas, nothing but red Soil is to be 
seen, and for many miles between Bibra and Nakal&pali, on the high road to 
Sironcha from Chanda, this is the predominant colour. 

The clays are by no means constant in thickness, their most profuse development 
being in the west and the north-west division of the map. In* the section exposed 
by the Pranhita, the proportion they bear to the other rocks of the group is small. 

Clays are not so abundant high up in the series as at the lower horizons. 

The dip of the Kota-Maleri group is in conformity with that of the under- 
lying series both in the Goddvari and Pranhita sections, but the unconformity 
of overlap becomes evident when the lower boundary is followed for some dis- 
tance. In the Memoir on the Wardha valley, I pointed out that this was the case* 
and the testimony is repeated here. 

Associated with the clays are the limestones at Kota, from which the fish 
Lcpidqjtus and Dapedius were obtained. At Kota the* limestones, like the clays, 
are not of conspicuous thickness ; but, like the latter, they become much more 
prominent members of the series towards the north-west ; and near Bixnpur and 
Itial, 36 miles from Kota, they form a well-marked, though low hill range. That 
the limestones so abundantly developed in the north, and there attaining a 
thickness of over 100 feet at the least computation, are the continuation of the 
few feet seen at Kota, is, I think, a point fairly established by the likeness 
that the rooks bear to each other, and by the discovery of fish scales at Itial 
similar to those found at Kota. 

I was notable to 'trace them m^ch beyond the vicinity of Itial, but in the 
other direction, and the further side of Kota, Mr. King succeeded in picking them 
up in the God&vari. 
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With reference to the clays at Maleri, in which were obtained teeth of the fish 
Ceratodus, and remains of the reptiles Parasuchus and Ryperodapedon , the Itial 
limestones, and consequently the Kota limestones are higher in the series. To this 
circumstance I attach no stronger significance than that of local super-position, 
for clays and sandstones similar to those below the limestones occur above them, 
and the evidence appears to me insufficient to justify the separation of the red 
clays and sandstones of Maleri from the red clays and sandstones above the Kota 
limestones. The circumstance, that hitherto none of the Kotaffish have been found 
at Maleri and none of the Maleri forms at Kota, may be said to be suggestive of 
separation ; and as the relative position, in which the organic remains occur, is in 
accord with the experience of European research ( Parasuchus , Ac., occurring in 
older strata than Lepidotus , &c.), there is an additional reason for suspecting a 
break in the deposition of the Kota-Maleri group. Considering, however, how 
limited have been our efforts in search of organic remains, it is premature to 
give much force to the negative evidence that lies before us on this point ; and 
I cannot see how European analogy affects in a decisive manner the grouping 
of beds in India that are identical in composition and appearance, and amongst 
which no unconformity in its strict meaning occurs. It may be that the com- 
ponent strata of the Kota-Maleri group, being fluviatile formations, there was 
changing distribution of deposits, giving rise to irregular beds, — as, for instance, 
the very clays and limestones that we have been alluding to ; but this is quite 
in accord with the known character of deposits formed under the conditions 
supposed to have then existed in the Kota-Maleri area, and is no proof of un- 
conformity. 

In the Maleri clays, the fossil remains most commonly found are those of 
Hyperodapedon and Parcmtchus. I have succeeded in extending the area of their 
occurrence over a large portion of the Kota-Maleri country. One of the localities 
where they are found is Agr6zpali, 4 miles south and a little west of Chinur, 
in clays wfcich are high in the series, and presumably much higher than the 
Kota limestone horizon. But on this point I cannot insist, as owing either to the 
imperfection of the sections in the Groddvari and its valley, or to the absence of 
the limestone band in this direction, I failed to get direct evidence of the position 
of the clays relative to the limestone. 

Though this failure is to be regretted, the probability is suggested that 
amongst the clays above the J£ota limestone similar reptilian remains to those met 
with in the Maleri clays may be found. Should this likelihood be converted into 
reality, the objection that may be founded upon the present evidence and Euro- 
pean analogy to the incorporation of the clays, &c., above and below the Kota 
limestones in one group would be removed. 

The higher portion of the Kota-Maleri group is not so characterised by clays 
as the lower. It is chiefly made up of sandstones, the most typical of which are 
coarse and loosely compacted sandstones of various colours, with broken runs of 
buff and pink shale fftigments through them, rusty-brown and grey sandstones 
containing pebbles, and yellowish-grey, sands^nes, varying in texture, with dark 
stains of peroxide of iron, and sub-angular pieces of yellow opaque quartz scattered 
through the rock. 
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Sandstones containing shale fragments are found at various horizons, but they 
are of most common occurrence above the main body of clays. They are met 
with in full force, forming high land, east of Bibra. I have not determined the 
boundary in this direction. 

The flora of the Kota-M$leri group, as it at present stands, is represented by 
only a few species of plants discovered at the follow- 
Flora * ing localities : — 

From Aniram, opposite to Kota— 

Palissya conferta. 

Cheirolepis Muensteri. * 

From Naogaon, in the valley of the Jangaon river, and 9 miles east of Jangaon 
village — 


Araucarites Kachensis. 

From between MohAr and Balanpur, 12 miles west of Jangaon village— 

Palissya conferta. 

Cheirolepis Muensteri . 

From Chirakunt, 4 miles south of Jangaon — 

Tceniopterisj sp. 

Ptilophyllmn acutifolium . • 

Cycadites , sp. 

Palissya , comp, conferta. 

Palissya , sp. 

Of the fossils from Chirakunt, which were obtained during the early part of 
this year (1877) and have only been recently examined by Dr. Feistmantel, he 
says— 

“ The fossils from Chiraktint, as far as I can determine or correlate them at 
present, are — 


Filices. 


“Angiopteridium ( Tceniopteris ) sp. About 3 leaflets of a very slender form, with 
well-marked midrib, and thickish, dichotomous secondary 
veins, passing almost horizontally out of the midrib. The 
same form is as yet only known in the Ragavapuram shales, and 
reminds one of Tainiopteris Daintreei , McCoy, from mesozoic 
rocks in Victoria and Queensland, which is an Angiopteridium 
also. 


Cycadeaceas. 

u Ptilophyllum acutifolium , Morr., the common form. 

“ Cycadites, sp. — a leaflet belongs to this genus and is of the Ragavapuram type. 


CONIFEM. 

u Palissya comp, conferta . — There are pretty numerous branches of a conifer, 
which, I think, J>elongs to this type of the RAjmahAl group, 
and Sripermatur group (= Ragavapuram beds). 

“ Palissya sp., a different species.’* 
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Associated with these plants, T found some casts of a bivalve shell, resembling 
ap TJnio. Dr. Feistmantel was unable to determine it. 

By reference to Mr, King’s table of strata (Reo. G.*&. I., Vol. X, part 2, page 56), 
it will be seen that the Ragavapuram shales, which overlie the R&jmah&l 
group (Golapili sandstones) near Golapili on the lower Godavari, are placed as 
the equivalents of the Kota-Maleri group. That the beds in which the Chirdkunt 
fossils occur do belong to the Kota-Maleri group is a point in regard to which I 
myself have no doubt. In the neighbourhood of Idlara there are the unmis- 
takable red clays with lenticular layers of greyish-green granular argillaceous 
sandstones, 1 and sandstones with clay galls, of the Kota-Maleri group. Thence to 
the south, as far as the range of hills capped by trap, there is no interruption to the 
series ; and, at a short distance up the north face of the range and about a mile 
and a half east of Chirdkunt, soft, pale yellow, fossiliferous shales occur that yielded 
the few species of ferns, cycads, and conifers, &c., which were enumerated above. 

Dr. -Feistmantel’s conclusion as to the age denoted by the flora bears out the 
determination made by myself in the field. 

Amongst the plants at Chirakunt there is one conifer, Pa Ussy a confcrta , 
which occurs at Anaram in sandstone under the Kota limestone bed. Hitherto it 
has been considered a very characteristic form of the Rajmahal series, 3 but 
if the Chirdkunt beds are the equivalents of the Ragavapuram shales, and the 
Ragavapuram shales are younger in age than the Golapili sandstones or Raj- 
mahal group, the vertical range of Palissya conferta is increased. If, on the other 
hand, its restriction to the Rajmahal group be maintained, then an alteration in 
the classification of the rocks must be made. The more reasonable view, however, 
is, I presume, to admit the wider range of Palissya conferta. 

The same plant was discovered in 1872 by Mr. Fedden, between Mohar and 
Balanpur, west of Jangaon, in sandstones which I have included as Kota-Maleris. 
These sandstones (that is, those in which plants occur) are very like in appear- 
ance to th%^ Golapili sandstones, in which Palissya is found. Mr. Fedden, speaking 
of these Bal&npur beds, says, “ They consist of finesoftish sandstones, in parts silty, 
and with ferruginous bands and layers, the latter having plant-like flntings and 
hollow, wood-like casts, so characteristic of some of the upper jurassic beds of 
Kach. Moreover, some of the ferruginous bands have septaria-like intersections. 
The few specimens of Palissya : and isolated leaflets that were found occurred in 
the finer silty sandstone.” #Mr. Fedden, it may be noticed, alludes to an upper 
jurassic likeness ; and more than once in his manuscript report for the season 
1871-72, when describing different portions of the geology of the Jangaon river 
valley west of the town, he adverts to the circumstanoe. Whether these MoMr- 
Balanpur Palissya beds are like the Golapili sandstones, or like the upper 
jurassic rocks of Kach, there is no doubt that they constitute a part of the Kota- 
Maleri group. 

The shales and sandstones near Naogaon (in which I last year discovered 
PaMseyfy Jabalpurends and Armcarites Kachensis ) are also components of the 

are very characteristic beds of the Kota-Maleri group. 

• See Palseontologia Indica, 1877, Ser. II, 3, Jurassic (Liassic) flora of the R&jmah&l group 
tt&n Golapili (near Ellon), South Godavari District, p. 183* 
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group. They may be higher in the series than the Moh&r-Baldnpfir beds, their 
plant forma suggesting this surmise. I cannot adduce any stratigraphical evidence 
that bears upon the relationship of the N aogaon and Moh&r-Baldnpfir or Chird- 
kiint beds, for sections are of the most broken and uninstructive character 
throughout the whole of the valley of the Jangaon river. The rooks that appear 
are sufficient indexes of the group, but they are inadequately exposed for nice 
determinations of stratigraphical questions. A look at the map will tell rapidly 
and clearly the extent of area that I include under the head of Kota-Maleris. 
The names of localities invested with most interest are printed in block type, 
and it is easy to note their relative geographical positions. The conclusions 
regarding the Kota-Maleri group and their distribution are — 

1. — That they overlap the Kdmthis, but are not directly unconformable to 

them. 

2. — That the red clays and sandstones of Maleri, and the red clays and sand- 

stones above the limestones of Kota, are conformable members of the 
same group, undistinguishable lithologically, and presumably con- 
taining like reptilian remains. • 

3. — That the Kota fish beds, and the Maleri fish and reptilian beds, belong to 

the same group. 

4. — That the plants of Rdjmahdl type in the An Aram* sandstones ( Pallmja 

cowferta and Chcirolepis Mvnsteri ) and the plants from the Chirakunt 
shales, are from the same rock group. 

5. — That the affinities of the plants are with the upper Gondwana, rather 

than with the lower Gondwdna flora. 

V. — Chikidla Group , 

On the left side of the Prdnliita, there is a range of hills near Chikidla, which 
attracted the attention of Mr. King and myself when encamped at finchapali, as 
it was apparent that they were made up of thick sandstones, differing from thoso 
constituting the Kota-Maleri group. On examination, we found the scarp that we 
ascended made up of heavy conglomerates with a large percentage of ferruginous 
matter, ferruginous glassy-looking sandstones, and soft sandstones with thin 
iron bands. The general colour is brown, as might have been anticipated from the 
fact of so much iron entering into the composition of the rocks. The con- 
glomerates contain many fair-sized pebbles 3" or 4P to 6" long. Some of the 
sandstones present a mammillated weathered surface, a feature that reminded 
Mr. King forcibly— when taken in connection with their lithological character— 
of the rocks which in the lower course of the Godavari he has classed as upper 
jurassic (Tripetty group). 

The Chikidla rocks extend across the Prdnhita in a north-west direction, and 
I traced them as far as the river that flows near Bibra. Throughout there is a 
strong development of ferruginous matter, either in the form of bands of varying 
thickness or in concretionary masses, or as scattered colouring substance. Frag- 
ments of foreign rock in the sandstones are also common. The iron ore worked 
by the smelters of the country is derived almost entirely from the Chikidla 
group. 
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The main development of the Chiki&la group is in the Prdnhita region ; but 
joverlying the Kota-Maleris near Bal&npur is a small thickness of rocks that I 
■would include as members of the ChikiAla series. < The discovery of coal of 
jurassic habit is the chief element of distinction ; otherwise, I should scarcely 
have felt, warranted in limiting the Kota-Maleri upper boundary at any bed 
but that in contact with the intertrappeans or trap. The coal occurs in irregular 
strings, in a clay shale, of which 5 feet are exposed. Above, is yellow, soft 
sandstone, obliquely laminated at the top, and containing fragmentary carbon- 
aceous markings. The upward section for a short distance is obscured, and 
then intertrappean and trap beds follow. 

It is only in this one locality that I have ventured to map beds of a higher 
horizon than Kota-Maleris beyond the limit of the Prdnhita valley, but in two 
instances, along the southern side of the Jangaon river valley between Chirakunt 
and Belgaon, I noticed a sandstone with ferruginous concretions that would have 
passed muster as a Chikidla sandstone. I am simply following Mr. King’s lead in 
placing the rocks at Chikidla as a group distinct from the Kota-Maleris. 


Notes on the Geology of Kashmir, Kishtwak and Pangi, by R. Lydekker, B.A., 

Geological Survey of India. 

Introduction. 

During the past summer I have been engaged in examining the rocks of a 
considerable portion of Kashmir, and of the valley of the upper Chinab, as far as 
British Lahul. A great portion of the area traversed has been entirely new 
ground in a geological point of view ; while other parts have been those which 
remained between the various lines of section taken by the late Dr. Stoliczka, 
and by the purvey of which these various lines have been brought into connection 
with one another. 

Although I have been able to color in a considerable portion of the map, yet 
the results obtained from the season’s work are not in every instance quite so 
exact as I could have wished, owing to the fact that almost all the strata described, 
with the marked exception of the carboniferous series, are unfossiliferous. This 
absence of organic remains pompels us, in referring the different rock-groups to 
their proper geological horizons, to depend on purely stratigraphical evidence : and 
in some cases this kind of evidence is but uncertain. It must, therefore, be 
clearly understood that probability plays a certain part in the correlation of some 
of the disconnected rock-groups. 

It may, perhaps, here not be out of place to call attention to the extraordinary 
absence of fossil remains in so many of the Himalayan formations. This absence 
is equally noticeable in the silurian slates of the Plr Panjal and Kashmir, in the 
equivalent slates and limestones of Pangi, and in the older Tertiary deposits of 
the outer Julls. In the still older gneissoid and micaceous rocks, traces of fossils 
zn^ktfaflM? been expected to have been, to agreatextent, obliterated by subsequent 
meiusiorphic action ; but even among these older metamorphic rocks there are 
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many beds of comparatively little altered slates and shales which ought to have 
retained traces of organic life had such lived in the seas in which these rocks were 
deposited. I think that we cannot but conclude from the absence of fossils in so 
many deposits, so favorable to their preservation as are the limestones of the 
KiOl and Krol groups, that parts of the old Himalayan seas, strange as the fact 
may appear, were from some yet unknown cause, over wide areas unfavorable to 
any great developement of animal life. 

As the country traversed by me consists of several semi-distinct lines, I have 
thought it best to treat of these several lines or sections under distinct headings, 
following in this respect the example set by the late Dr. Stoliczka in his memoir 
entitled “ Geological Observations in Western Tibet.” 1 This method has many 
obvious advantages, although it is open to the objection of necessarily involving 
a certain amount of repetition. 

The survey of a wider area has necessarily led to certain modifications of some 
of the views expressed in my previous paper on the “ Geology of the Pir 
Panjal ;” in the main, however, the conclusions there arrived at as to the ages of 
the different rock-groups have been maintained. 

I have here to offer my thanks to Mr. Drew, late of the service of the Maha- 
rajah of Kashmir, for the gift of notes and sections taken by him in various 
parts of Kashmir territory, and which have afforded me several important pieces 
of information, as well as suggestions in classifying the different rock-groups. 

I. — The Tertiaries and Post-Tertiaries of Kashmir. 

The so-called Karewahs of Kashmir have already been treated of by several 
writers, among the best known of whom are General Cunningham in his 
“ Ladak Major Godwin- Austen in the “Quarterly Journal of the Geological 
Society of London $” 9 and Mr. Drew in his “ J ummoo and Kashmir 
Territories.” 3 

During the early part of last spring I proceeded along the Kashmir side of 
the Pir Panjal range, for the purpose of tracing the boundaries of these deposits. 

Along the greater part of the north side of the Pir Panjal, after leaving the 
older rock-series, we come upon beds of either clays, sands, gravels, or conglo- 
merates, which have the normal north-westerly strike of the Himalaya, and a 
north-easterly dip varying from five to twenty degrees. Mr. Drew has noticed 
the occurrence of these beds at page 211 of his above-quoted work, and I have 
already referred to their presence at Baramula in the “ Records of the Geological 
Survey of India.” 4 

At B&ramula these Tertiary beds consist of yellowish clays and conglomerates, 
with an average dip of about ten degrees ; the same conglomerates are «Iso 
developed in great force to the north-east of the latter place, where they are still 
more tilted, and where they have a very great resemblance to the upper conglo- 
merates of the Siwalik series of the outer hills. The blue clays and yellow 

% 

1 Mem., G. S. I., Vol. V, p. 337* 

9 Vol. XX, p. 383. 


9 Pp. 207, 166. 

♦ Voi, IX, p. 162. 



[VOL. Xh 


8ft Records of the Geological Survey of India . 

sands can be traced to the north as far as Shaltfr&t To the south-east of 
B&ramula, almost up to the town of Shapiyan, the lowest beds of these deposits 
consist of stiff blue clay, with the same dip and strike, the conglomerate beds being 
generally either absent or replaced by clay ; the conglomerates, however, reappear 
at Hirpiir on the 'Pir Panjal road. Major Godwin- Austen has noticed that these 
conglomerates and sand beds at the latter place are several hundred feet in 
thickness ; and he has obtained from them many existing species of terrestrial 
and fluviatile shells, as well as scales of fishes. 

If we follow these highly-tilted clay and conglomerate beds towards the centre 
of the valley of Kashmir as we can well do along the main road from Grulmarg, 
where they are greatly developed, we shall find that as we advance towards 
Srinagar the dip of the beds gradually decreases, until it is not more than a very 
few degrees from the horizontal ; while at the same time the conglomerates and 
blue clays disappear and are replaced by light-colored sands and loamy clays, 
bearing very distinct marks of stratification. Finally, as we get within a few 
miles of Srinagar (beyond which place these deposits have been denuded away), 
we find that the strata are almost, if not quite, horizontal* 

It is, therefore, apparent thht we have been crossing the strike of a continuous 
formation, the lower beds of which are tilted and often conglomeritic, while the 
upper beds are nearly horizontal and sandy or clayey. There is no sign of any 
break in this formation that I can detect, and I should think that at a low esti- 
mate it cannot be less than one thousand feet in thickness. 

Turning now to the opposite side of the valley, and taking the section near 
Pampur as a typical instance, we find here also a considerable thickness of stratified 
clays and sands which are perfectly horizontal ; these seem to correspond to the 
topmost sandy beds on the opposite side of the valley. Mr. Drew says (sup. cit 
p. 209) that similar beds to the north of Islamabad attain a thickness of from 
250 to 300 feet. Below these sandy beds, north of the latter place, there occurs 
a considerable thickness of limestone conglomerate, resting conformably on a 
sloping surface of the carboniferous limestone, and itself sloping also, according to 
Mr. Drew, at an angle of from seven to fifteen degrees. 

The whole of the horizontal sandy deposits to the north-east of the valley, 
together with the upper sandy deposits of the south-western side, I propose to 
call the upper Karewahs; while the tilted clay and conglomerate beds along the Pfr 
Panjal I shall designate asjtower Karewahs. There is no evidence to prove that 
the conglomerate underlying the upper Karewahs at Islam&b&d is contemporaneous 
with that of the lower Karewahs at B&ramula, and I am inclined to take 
Mr. Drew’s view that it formed an ancient lake beach, and was deposited on a 
sloping Bhore. 

On the south-western side of the valley of Kashmir it is quite clear from the 
presence of the tilted Karewahs that a very great disturbance has taken place along 
the Pir Panjal range since the period of the deposition of these Karewahs ; this 
disturbance has elevated the beds of the lower Karewahs to an angle of more 

twenty degrees in certain places, but it does not seem to have extended 
inwards to the centre of the valley of Kashmir. It is important to notice 
that the strike of this disturbance coincides in direction with the strike of 
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the disturbance which has raised the Siwaliks of the outer hills into their present 
position ; the Karewahs, however, differ from the outer Siwaliks in that the dip 
of the beds inclines away from, instead of towards, the adjoining range. 

This tilting of the Karewahs, together with the great amount of denudation 
which they have subsequently undergone, serves to indicate that these deposits 
are, relatively speaking, of very great age ; and I am inclined to think that, at all 
events, the lower Karewahs cannot be much, if at all, newer than the upper 
Siwaliks of the outer hills, and that therefore they probably belong to the top- 
most pliocene or pleistocene period. I am the more inclined to adopt this view, 
because we know that in the outer hills the period of disturbance did not extend 
to the epoch of the Post-Siwalik deposits, which are in all cases horizontal ; and 
it seems to me most probable that the same general disturbance acted as well on the 
Kashmir Tertiaries and Post-Tcrtiaries as on the Siwaliks, but that it may 
perhaps have lasted a little longer in the former area. 

Mr. Drew has already pointed out the distinction between the modem allu- 
vium of Kashmir and tho Karewahs, and he has also shown that, at all events, 
the greater part of the former was deposited before the date of the construction 
of any of the ancient buildings of Kashmir, but how much before we do not at 
present know ; as far as this evidence goes, it all points to the great age of the 
Karewahs. • 

I do not here propose to enter into the question of the mode of deposition of 
the Karewahs, as this has already been discussed by General Cunningham, Mr. 
Drew, and others ; I will, however, here mention that I think there can be no 
doubt but that the above writers are perfectly correct in assuming that these 
deposits have been formed in the bed of a vast lake which once covered the whole 
of the valley of Kashmir. 

Below Baramula, the valley of Kashmir is now bounded by a low ridge entirely 
formed of fluviatile deposits; this ridge evidently forms the remnant of much 
larger deposits, which once extended lower down the Jlielam valley, but which 
have subsequently been removed ; it seems, therefore, clear that the old lake must 
have extended lower down the Jhelam valley than the present boundary of the 
valley of Kashmir, until it was stopped by some dam. It is not improbable that 
this old dam existed in the narrow" gorge through which the river now flows at 
Ramptir, some ten miles below B&ramula, this gorge having been deepened out 
since the Karewah period. At page 171 of the “ Wanderings of a Naturalist in 
India” Professor Leith- Adams appears to consider that the B&ramula gravels were 
formed by a glacier which dammed Kashmir at this place. The regular strati- 
fication of these gravels appears to me to be against this view of the case. 

There does not now appear to bo any trace of Karewah deposits remaining 
in the Jhelam valley between Baramula and Rampur ; these having been all 
removed and replaced by more recent river deposits, — another proof of tho age 
pf tho Karewahs. 

I am not sure to what extent the Karewahs formerly extended up the eastern 
end of the valley ; at the present tiye (as is shown on the map) the whole of the 
country about Sag&m is covered only by modern river alluvium, generally above 
the level of river deposit* which is at once distinguished from the Karewahs by 
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the absence of str atification. Lower down in the valley, as at Kailg&m, the mo- 
dern alluvium still exists in considerable force, but the yellow and blue clays of 
the Karewahs are exposed in the river sections ; still further west, as near Sha- 
piyan, the Karewahs generally form the surface soil, though near the river valleys 
they are often covered with a boulder deposit of more modern origin. 

II. — The Older Rocks op the south-east of the Vallet of Kashmir. 

In my previously published notes on the geology of the Pir Panjal, I have 
already given some account of the rocks composing that range, more especially 
those on the outer side ; in that paper, following former writers, I assumed the 
probability of the Cambro- Silurian age of these rocks. I may now state that dur- 
ing the present season’s work the same rocks have been traced across the valley 
of Kashmir, and have been there incontestably proved to be in great part of 
Silurian age, though some of their lower beds may be Cambrian. In the present 
account these rocks will generally be referred to as the Panjal or Silurian series. 

Before commencing the description of these rocks in the Kashmir valley it may 
be as well to state here, that wherever the word slate occurs, it is used in the 
wider sense, not implying distinct cleavage. I may also mention here that in the 
map accompanying my paper on the “ Geology of the Pir Panjal,” the Panjal 
rocks are referred to ^.s “crystalline schists,” whereas they should have been 
referred to as slates and amygdaloids. 

It may also be not out of place here to refer shortly to the amygdaloidal rocks 
of the Pir Panjal and other parts of Kashmir, before proceeding to describe any 
of the sections ; this is the more advisable, because in my previously-quoted paper 
on the geology of the first-mentioned region, I discussed the question as to the 
volcanic or metamorphic origin of these rocks, a question which I then left still 
in great part sub judice , though 1 inclined somewhat to the theory of their meta- 
morphic origin. 

If our researches were confined to the Pir Panjal range, we should, I think, 
have but little prospect of arriving at any very definite conclusion as to the mode 
of formation of the rocks in question, since in that region these rocks always 
occur interstratified with the slates, and their composition is often such that we 
cannot in the field predicate either their igneous or metamorphic origin. If they 
be trappean, they must be, as will be gathered from my former paper, of contem- 
poraneous origin with the spates, and therefore we are debarred from any evi- 
dence which might have been afforded by dykes as to their trappean origin. 

On the north-western side of the valley of Kashmir, however, near Srinagar, 
and in the Sind valley, there exists a formation which agrees with the series of 
the Pir Panjal, in containing certain amygdaloidal rocks very much resembling 
those of the latter region. These amygdaloidal rocks of the Sind valley, however, 
differ in their association from those of the Pir Panjal ; instead of being inter- 
stratified with slates, as ip that range, and the whole series showing a markedly 
stratified appearance, ^ these rocks are mingled with a compact greenstone-like 
another granular greenish rock, Hke anamesite; the greenstone-liko 
queptiy contains large pear-shaped nodules of chalcedony, and small 
of a mineral, which is, I think, chrysolite. The whole formation is entirely 
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devoid of any signs of visible stratification, and forms bold massive cliffs, very 
different in appearance from the slates of the Pir Panjal. 

1 cannot but think, both from the physical appearance, and from the composi- 
tion of these rocks (and more especially from the presence of chrysolite and 
nodules or amygdala of chalcedony) that they are, in groat part at least, of 
eruptive origin ; although some of their upper beds may have been brought into 
their present state by the aid of metamorphism. 

Assuming then the, at all events, partly eruptive origin of these Sind valley 
rocks, it remains to see what relation they bear to the thin-bedded amygdaloids 
of the Pir Panjal. Now, these presumably eruptive Sind valley rocks underlie 
the carboniferous limestone ; they do not, however, penetrate into this limestone, 
which must have been the case were they intrusive trap ; we can, therefore, only 
presume they are of contemporaneous origin with the rock series with which they 
are associated, — that is to say, that they are of infra - carboniferous age, or of the 
same age as the upper slates and amygdaloids of the Pir Panjal range. It 
may be observed in passing that, even regarding these rocks as eruptive and contem- 
poraneous, it is remarkable that no case of intrusior# should have been observed in 
connexion with them. This important evidence is wanting to finally decide the 
question of their origin. 

The rocks of the upper Panjal series must be therefore contemporaneous with the 
trappoid rocks of the Lower Sind valley, an^d if, as seems to be the case, the latter 
be of eruptive origin, it would seem probable that some of the amygdaloids of the 
Panjal are likewise of eruptive origin, although there is a gradual transition 
from the typical amygdaloids to the slates, which, in some cases, may perhaps 
be due to the effect of metamorphic action, or to the original commingling of 
detrital and eruptive matter. 

On the eruptive hypothesis of the origin of the amygdaloids in the two 
areas, it remains to be considered why in one area they are associated with slates 
and in the other with rocks of more decidedly igneous characters. No\^, I think 
the most probable explanation of this difference is that in the upper Panjal 
period, there were a number of small and intermittent flows of trap in the area 
of the Pir Panjal range, and that deposition of mud went on regularly in the 
intervals between these flows ; moreover, these flows of trap seem to have been 
too thin to have produced greenstone-like rocks, all of them being more or less 
amygdaloidal or vesicular, and indicating no great p As sure from above. In the 
greater part of the Sind valley area, on the contrary, there seems generally to 
have been exceedingly little trap poured forth among the slate series which under- 
lies the carboniferous limestone, but in the Lower Sind valley and near Srinagar 
we have a vast mass of trap which was poured forth immediately before the 
deposition of the carboniferous limestone, and which seems to have been extremely 
local, since higher up the Sind valley ( — infra) we find pure slates underlying 
the carboniferous limestone. This Lower Sind valley trap was of such thickness 
as to have produced greenstone-like rocks in its lower portion, where the pressure 
was greatest; while in its higher portion, where the pressure was of course far 
less, we find amygdaloidal and vesicular rocks, like those of the Pfr Panja , 
mingled with rocks which may be altered slates. 
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According to this view, the massive trap and trap-like rocks of the Sind 
valley are only amplifications of the thin-bedded trap of the Pir Panjal, and both 
are the equivalents in time of the simple slates which in many other places 
underlie the carboniferous limestone. This identification of the two trappoid 
rocks is, of course, independent of any theory as to their origin. 

In many other parts of Kashmir and the neighbouring districts trap-like 
rocks are found in greater or less force among the Silurian slates, but never 
extending up into the carboniferous period. It is impossible to indicate all the 
occurrences of these trap-like rocks in a small-scale map, and by means of the 
necessarily imperfect survey which is all that can be attempted in these some- 
what difficult regions. Where, however, these rocks occur in co ns iderable force, 
they are indicated by crosses in the slate series ; no attempt has, however, 
been made to distinguish between the thin-bedded amygdaloids of the Pir 
Panjal, and the massive greenstone-like rocks of the Lower Sind valley and 
Srinagar. 

The interstratified amygdaloids of the Pir Panjal, taken together with the 
peculiar conglomerate referred to in my previous memoir on that range, afford us 
valuable aids in recognising those rocks in other districts. These amygdaloids 
are most abundant on the outer sides of the Pir Panjal range, and in the neigh- 
bouring parts of Kashmir also extend into the Wardwan valley and into Kisht- 
war, where, however, they are in much less force, the slates and sandstones there 
predominating. 

Specimens of these varieties of the trappoid rocks of Manasbal near the 
Lower Sind valley have been forwarded to Colonel McMahon, who has made 
sections of them for microscopic examination, some of which, together with his 
notes, he has kindly sent to the Indian Museum ; it is from these notes that the 
following observations have been compiled. The specimens sent comprised a 
finely porphyritic rock, which will be designated as A ; a compact rock, which, 
we will call B ; and an amygdaloid, which we will call C. 

Colonel McMahon considers that A is undoubtedly igneous. Crystals of 
white felspar occur abundantly in this rock, having their axes turned in all 
directions, in a manner which is very characteristic of trap-rocks. Since its 
igneous liquefaction, this rock has been altered by aqueous metamorphism ; this 
is rendered evident by treating the rock in the matrass, when on the application of 
a moderate heat (very far short of a red-hoat) it readily gives off water. When 
thus treated this rock also gives off an acid vapour ; it also answers to the silver 
test for sulphides, and therefore probably contains iron-sulphide, though crystals 
of this mineral (pyrite) were not satisfactorily observable under the microscope. 
The other results of the metamorphism which has taken place subsequently to the 
cooling down of the rock are clearly visible. Masses of green chlorite are very 
prominent here and there, while the felspar crystals, which seem originally to 
have been pnre triclinip prisms, are now clouded with flocculent, chloritic matter, 
impaired their pristine translucency ; even now, however, under the 
polychroic tints are here and theao distinctly displayed. The cloud- 
me felspar crystals due to metamorphism has nearly obliterated all traces 
twin-crystals of the triclinic system, but portions of these seem to be still 
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remaining in some of the sections, if we may judge by the parallel bands of color, 
(so characteristic of the triclinic felspars) which appear in certain of the crystals. 
This rook fuses readily into a bead, and contains 54*1 per cent, of silica. 

The rock designated as B appears to consist of an iron-silicate disseminated in 
thick, flocculent masses through a felspathic base ; it shows no traces of a crys- 
talline structure ; and it may be a trap or it may be an altered slate. The iron- 
silicate in this rock does not appear to be hornblende, since the whole of its color- 
ing matter is extracted by hydrochloric acid. This rock also contains a con- 
siderable amount of hydrous minerals, which readily give off water in the matrass, 
on the application of a moderate heat ; it contains 62*9 per cent, of silica, 80 per 
cent, of alumina and iron, a considerable quantity of lime, and a small quantity of 
magnesia. As far as its chemical composition goes, there is therefore no reason 
why this rock should not be a trap ; the absence of distinct crystalline structure 
is somewhat against this view, though Colonel McMahon mentions that certain 
rocks from Edinburgh described as basalts do not exhibit crystalline structure. 
Colonel McMahon suggests that it is not impossible that this rock may be a 
sub-aqueous volcanic product, such as ashe*s deposited in the form of mud on a 
sea-bottom, or the product of the sub- aerial erosion of trap. 

The amygdaloidal rock C according to Colonel McMahon appears to be a 
trap, since it shows the same quaquaversal arrangement of the felspar crystals 
which was observed in A ; this peculiar structure Colonel McMahon considers 
could not be produced by aqueous metamorphisra. As was the case with A, this 
rock also shows abundant signR of subsequent metamorphism, patches of chlorito 
occuring in many places in the crystals ; the rock was probably at first a porous or 
scoriaceous, igneous product, and has been subsequently altered by the infiltration 
of extraneous substances through its pores. 

The above observations of Colonel McMahon on the Manasbal rocks are of 
great importance ; from these observations it appears to be pretty evident that at 
least some of these rocks are of igneous origin, and it is further evident that all of 
them have been altered by subsequent metamorphism. The resemblance of the 
amygdaloids of the Pir Panjal to those of Manasbal, which we have already 
referred to, renders it probable that some of the former are also of igneous origin. 
A greater amount of subsequent metamorphic action in one part of Kashmir than 
in another, would account for the discrepancy in the character of\he rocks which 
so often occur. Thus at Manasbal this metamorphic action appears to have 
been of great force, and has not improbably merged both slates, trap-ashes, and 
perhaps true traps into a homogeneous rock like B, which is intercalated with, 
and in the mass indistinguishable from, true trap rocks like A and C ; in the Pir 
Panjal, on the other hand, the metamorphic action has been less strong, and has 
not generally altered the slates, except perhaps occasionally near the amygdaloids, 
into a rock resembling trap. In the one area the whole rock-series looks like 
an igneous rook, and shows no signs of stratification ; while in the other the 
igneous rocks occur generally as thick bands in the aqueous, and the series taken 
as atwhole consequently shows very distinct signs of stratification. Intermediate 
states of metamorphism, coupled possibly with a greater or lesser eruption of 
ashes, would account for the condition of rocks which, like those of parts of the 
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upper Lidar valley, are intermediate in character between those of Manasbal 
and those of the Pir Panjal. 

We may now. continue our survey of the Panjal series, which, in my already- 
quoted paper of that region, we had traced across the range to Baram^la. 
Travelling along the ioot of the north side of the range from the latter place 
towards the east* we find that the rocks consist of blackish slates, with a few 
bands of white quartzite, and others of little altered green or greyish sandstones. 
Further to the south-east, near the village of Poshgar, the amygdaloidal 
traps interstratified with slates are in considerable force; these rocks have 
a south-westerly dip and the normal north-westerly strike which prevails 
along the whole of this side of Kashmir ; the south-westerly dip continues along 
the range as far as the town of Kfilgam ; a little to the east of this place, near 
the village of Gundpura, we come upon a north-easterly dip, which is the 
continuation of the anticlinal and synclinal axes which were noticed in my 
provious paper as occurring to the south-west of the Banihal pass, and which 
cross the range into Kashmir at its bend to the west of the pass. 

Throughout the above-mentipned area the Panjals maintain their normal cha- 
racter, consisting of slates and amygdaloids with some sandstones ; the amyg- 
daloids are, however, less prevalent to the eastward than in the centre of the 
range. The matrix of these amygdaloids is nearly always of a compact texture, 
and green in color : the amygdala are generally greenish- white in color, but are 
sometimes green, of a darker hue than that of the matrix ; the amygdala are 
too hard to be scratched by the knife, and in places undoubtedly pass into nodules 
of chalcedony. Near the village of Gundpura the amygdala are generally quartz- 
itic or chalcedonic in character ; these are usually pear-shaped, and often as 
much as three inches in diameter. 

In the bed of the river flowing from Gulmarg, as also in the Yechari, and 
other streams, pebbles of gneiss, similar to that found to the south of the Banihal 
pass, are of ^common occurrence ; this affords us proof that the same band of gneiss 
extends along the Pir Panjal range to the westward of the latter place, although 
I have not yet had an opportunity of tracing its boundaries. 

I have already mentioned, in my previous paper, the occurrence of a band of 
conglomerate on the south side of the Panjal range. In a section taken by 
Mr. Theobald across the Mohun pass, this band was found m situ ; it occurs at a 
considerable distance above <the gneiss, apparently somewhere near the middle 
of the Panjal group . 1 

Taking now a section across the Pir Panjal pass to the outer hills, we find 
the following series of rocks. A little above the village of Hirpur we leave the 
sandstones and conglomerates of the lower Karewah series, and come upon a 
series of green rocks with very indistinct stratification ; some of these rocks are 
amygdaloidal, and from their resemblance to the upper amygdaloidal trap of the 

— — r — — * — ■ - ..... ... * ■— — 

l I may here mention that A Prof essor Leith- Adams, at page 214 of his « Wanderings of a 
Naturalist in India/ 1 speaks of the finding by a native shikari of an ammonite near the village 
O^T&fUia -oh' the Parijal. I cannot bat think that this ^ecimen was not authentic, as we have 
to believe that the whole of the Panjal rocks are palaeozoic. The specimen was 
probably derived from the triassic rocks of the opposite side of the valley of Kashmir. 
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opposite side of the valley of Kashmir, must probably, as we have seen, be con- 
sidered as of eruptive origin ; it is, however, in many cases extremely difficult to 
decide in this region whether certain of these green rocks are of eruptive origin, 
or whether they are metamorphosed sedimentary rocks. 

Proceeding further up the Hirpur valley, and approaching the old Mogul 
halting place of Dubchi, we find these amygdaloidal rocks underlaid by black slates 
with a north-easterly dip ; at Dabchi itself there is a small anticlinal and syn- 
clinal fold in these slates. Above Dabchi we have a continuous descending series 
of slates mingled with a few bands of conglomerates which contain quartzitic and 
slate pebbles, till some distance below Aliabad serai, where we find buff and 
white quartzites underlying these slates ; near the latter place we again come upon 
black slates which underlie the quartzites : these slates contain rounded and 
angular masses of gneiss. Immediately above Aliabad serai we come upon 
granitoid gneiss underlying the black slates with the same north-easterly dip ; the 
gneiss includes a few bands of slates and quartzites. 

This gneiss continues nearly to the summit of the Pfr Panjal pass, and bears 
to the north-west, along the ridge of the Chitta-Pani and Chota-Galli passes. 
Near the Pir Panjal pass the beds of the gneiss are almost vertical ; still nearer 
the summit of the pass we come upon black slates with imbedded gneiss pebbles 
apparently underlying the gneiss, and, again, similarly underlaid by whitish 
quartzites which form the summit of the pass. On the south-western side of the 
pass we have a regular series of rocks with a north-easterly dip apparently 
underlying the quartzites ; these consist of slates, sandstones and conglomerates 
similar to those of the opposite side of the pass, only that the latter rocks are in 
greater force on the south-eastern side. These slates and conglomerates continue 
nearly to Baramgalla, where we find amygdaloidal rocks interstratified with the 
slates : these slates and amygdaloids continue with the same north-easterly dip 
till we come upon the limestone rocks of the Suran river, which have been mapped 
in my previously published paper on the geology of the outer side of the Pir Pan- 
jal range. 

From the above description it will be apparent that on the north-east side of 
the Pir Panjal we have the following series of rocks, counting from the highest 
to the lowest, viz . : — 

1. Greenish slates and sandstones and amygdaloidal rocks. 

2. Black and green slates with brown sandstone conglomerate, containing 

pebbles of quartzite and slate. 

3. Whitish quartzites and sandstones. 

4. Black slates containing pebbles of gneiss and quartzite. 

5. Granitoid gneiss with occasional bands of slate and quartzite. 

If now we turn to the rocks on the southern side of the gneiss, we shall find 
that they present the same series, only in the reverse order ; the uppermost rocks 
of the north-eastern side being the lowest on the south-western side, and vice 
versd . 

This section therefore seems to^3e only explicable in the same manner as that 
across the Banihal pass (of which /gave a diagram in my previous paper), namely, 
by the inversion of all the strata on the south-western side of the range. The 
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gneissic strata must, therefore, form a great anticlinal axis conformably underlying 
the slates on either side ; this gneissic ridge, however, is not altogether continu- 
ous, as it does not occur in the gorge at the bottom of the Jhelam valley, 
where the slates, much contorted, form the whole section, and apparently bend 
round the masses of gneiss existing in the hills on either side of the valley. 

According to this view the limestones of the Suran valley, which I presume 
to be inverted, are, as I supposed in my former paper, the topmost beds of the 
Pir Panjal series, and are probably, as I shall show subsequently, of carbonifer- 
ous age ! 1 

The presence of gneissic pebbles in the Panjal conglomerates must probably 
be accounted for by transport from other outcrops of gneiss, as the gneiss of 
the Pir Panjal is conformable to the overlying slates, and could not have been 
denuded at the time of the deposition of tho latter. 

Having now traced the slates and amygdaloidal rocks of the Pir Panjal 
range along the greater portion of the south-western border of tho valley of 
Kashmir, we may cross to the opposite or north-eastern side of the valley, and 
proceed with our survey. Taking the city of Srinagar as our starting-point, 
and proceeding thence to the neighbouring hill called the Takt-i- Suleiman, we 
find that the rocks on the western side of that hill are massive, and without any 
stratification, of a greenish color, and either homogeneous or amygdaloidal ; the 
same rocks also form the small hill on which is built the fort of Hari-Parbat. 
These rocks are the same as those which we have already referred to in the 
Lower Sind valley, and which we shall again have occasion to refer to, and, as 
we have seen, are probably to a great extent of trappean origin. 

To the eastward of the Takt-i- Suleiman, we come upon a band of black and 
green slates, which, towards the north-west of Zebanwan station, is overlaid by 
calcareous sandstones, cherts, and slates; near the Nishat Bagh these rocks have 
a northerly strike and dip towards the trap-like rocks which compose the main 
range to the north-east ; the sandstones contain imperfect fossils, but too broken 
for identification. 

I think that the lower slates near the Takt-i- Suleiman, from their resem- 
blance to other rocks, belong in all probability to the Silurian or Panjal period, 
while the overlying calcareous and arenaceous rocks have a great resemblance 
to the lower carboniferous rocks of the Marbal pass, which we shall subsequently 
discuss, and may very possibly be the equivalents of these rocks, though in the 
absence of any definite proof to this effect, and for reasons to be noticed imme- 
diately the rocks are all of one color in the map. 

Now comes the question as to the relation of these slate rocks to the trap : 
we have already seen that the former dip towards the latter, and we have also 
seen that the latter in the Lower Sind valley underlies carboniferous rocks, and 
is consequently of high Silurian age ; this would tend to show that the slaty rocks 

^ 1 In my former map of the Pir Panjal region the limestone series is not represented as 
to the north of B&jaori ; I, however, now itagl that this is incorrect, as limestone bands 
jd* jptttr mingled with tho slates at the apparent base of the series, which belong to the 

ssahe zoae as the more massive limestones to the east and west 
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are not of upper Silurian and carboniferous age, as otherwise they ought to 
ovorlie the trap conformably, but that they may be of lower Silurian, and have 
been brought into their present position by faulting, which would well explain 
the relations of the two. I can, however, at present say nothing certain on this 
somewhat difficult point. 

Proceeding from Srinagar towards the south-eastern extremity of the valley 
of Kashmir, we find that the same trap-like rocks form the spurs bounding the 
Pampdr valley ; the upper part of the valley to the north of the latter place is 
occupied by a lenticular mass of carboniferous limestone, with a north-easterly 
dip, and which apparently overlies the traps, though tho relation is in places dis- 
turbed by faulting. 

I am not sure as to the nature of the northern boundary of this mass of 
carboniferous limestone, but I fancy that it is a faulted one. Beyond the lime- 
stone we again have trappean rocks, underlaid to the north-east by slates, which 
we shall subsequently trace from tho Lidar to the Sind valley. 

It may be well to state here, before going any further, that in tho Lidar valley 
the slate series is overlaid conformably by carboniferous rocks, and must conse- 
quently be of silurian age. In the Sind and Nowtmg valleys, moreover, the same 
slates will be shown to be the equivalents of those of the Pir Panjal, the latter 
also being consequently of silurian age ; these slates of Kashmir will therefore 
often bo referred to as Panjals. 

At the mouth of the Lidar valley the silurian slate series is interrupted along 
the axis of the valley of Kashmir by carboniferous rocks ; to the north of the 
latter rocks, however, the slates are continued ; their eastward extension will be 
discussed in subsequent sections. 

The carboniferous rocks of the south-east of the valley of Kashmir occupy 
an irregular ellipsoidal area in the midst of the silurian slates and trap-like 
rocks : to the westward the former rocks are bounded by the alluvium of the 
Lidar valley, where we shall again refer to them in the section from I^lam^bad ; 
there is a small outlier of the older rocks at the latter place. The valley of the 
Arput river has cut a wide gap in these rocks, to the eastward of which they 
recur at Achibal, where, as well as at Islamabad, they dip at a low angle to the 
north-east ; another ridge of the same rocks mns near Shahabad, and disappears 
to the north-west beneath the alluvium of Kashmir ; tho beds on the south- 
western side of this ridge have a north-easterly dip, while those on the opposite 
side dip to the south-west. 

Towards the south-west these carboniferous rocks extend as far as the 
northern flank of the Banihal range, where I have already referred them in my 
“ Notes on the Geology of the Pir Panjal.” At this junction they have a south- 
westerly dip, and are faulted against rocks of the Panjal series with a north- 
easterly dip. To the eastward the carboniferous ellipse extends a short distance 
beyond the Marbal pass, where it will be again referred to in the section from 
Kishtwar to Kashmir. The north-eastern boundary is very irregular ; in the 
Arput Talley it occurs between the wiBages of W atusu and Kor and then bears 
across to Nowbfig ; here the Panjal rocks cut into the middle of it from the south- 
east ; an d the inner boundary is a continuation of the line of the Tansan river from 

F 
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the village of Wyl ; from the latter place the Tansan river forms the bound- 
ary between the carboniferous and Panjal rocks, as far as the village of Prdma? 
from whence the boundary again sweeps towards the north-east, and thence 
again southwards to the Marbal pass. 

It will be clearly understood from the above, that the carboniferous rocks 
of the valley of Kashmir, are, except to the westward, bounded by rocks of the 
Panjal series ; and it may be well here to make a few remarks on the carboni- 
ferous series of the valley of Kashmir. 

The ridge to the north of Sh&bab&d, on which stands the station of Hazrat- 
Ziarat, offers a fair section of the carboniferous limestone, which is here selected 
for description ; the rocks composing this low ridge have a north-easterly dip of 
about forty-five degrees ; the lowest beds exposed consist of dark blue limestone 
often containing crinoid stems in considerable abundance; in the higher beds 
this limestone gradually assumes a cherty character, till finally, at the summit 
of the ridge, it passes into a compact and fine-grained sandstone, of a brownish- 
yellow color. To the north-east of this ridge there occurs a synclinal axis running 
through the topmost sandstone^; in this synclinal tlic sandstone is in places almost 
white, with minute red ferruginous specks. 

Passing further to the north-east, we find, at the foot of the ridge to the 
north-east of the town of S&gam, an anticlinal axis, which brings into view beds 
still lower in this series than any of those shown in the Hazrat-Ziarat ridge. The 
beds at the foot of the first-mentioned ridge have a south-westerly dip, while those 
further on dip towards the north-east. The lowest beds consist of dark-brown 
sandy shales, gradually becoming calcareous, then containing distinct nodules of 
limestone, and finally passing into the characteristic dark blue, carboniferous 
limestone, with crinoids and other fossils. The underlying shales have frequently 
a bacillar structure ; the exposed beds below the limestone have a thickness of 
about sixty feet, but their base is not visible ; these beds are readily distinguish- 
able from those which overlie the limestone, by being more shaly, less compact, 
and of a darker and duller color ; they contain no traces of fossils. The series 
may be tabulated as follows from above downwards : — 

1. Yellowish and whitish sandstones. 

2. Blue limestone. 

3. Shales, with limestone nodules. 

4. Shaly sandstones. 

Whether the whole of the four groups of beds noticed in the above table should 
be referred to the carboniferous series I am unable to say, as no fossils have been 
found here either in the highest or the lowest beds, 

With regard to the highest beds, which are often replaced by banded limestones, 
I can only say that they very probably represent some of the triassic beds which 
overlie the carboniferous hmestones in other areas, but that, in the absence of 
fossils* we cannot be suro of this. Some of the underlying shales may veiy pro- 
bablybelong to the upper Panjal or Silurian sqfies. 

//It may not, perhaps, be out of place here to mention the springs of water 
Wlfich> at Vernag, Achibal, Bowan, and Islamabad, burst forth from the bases of 
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cliffs of the carboniferous limestone. These springs are of such volume as to 
form small rivers at their origin, and take a considerable part in forming the 
waters of the upper Jhelam. At the two first-mentioned localities the springs rise 
from the base of cliffs situated at right angles to the strike : while at the two 
latter they rise from true escarpments. It seems difficult to account for the well- 
ing up of such great volumes of water, without calling in the aid of faults, although 
the relation of the rocks to neighbouring outcrops does not lend much counten- 
ance to this hypothesis. 

The rocks at the north-western extremity of the valley of Kashmir I have 
at present only partly examined. To the north of Srinagar as far as the Sind 
valley, I have not surveyed the rocks : the rocks of the valley beyond the Sind 
river will be found described in the Amraath and Sind valley section. 

III. — Section from Islam^d to Amrnath, and from Palgam to Sind Valley 
and North-West Kashmir. 

Passing up the Lidar valley from Islamabad, we have, on the left bank of 
the river, rocks of the carboniferous series, as fat* up as the village of ITutmoru ; 
at Bowan these rocks consist of dark blue limestone, with a north-easterly dip ; 
above Bowan there are several flexures, and slates and sandstones are mingled 
with the limestones. North of Hutmoru we come upon rocks of the Panjal 
or silurian series, consisting of chloritic slates and sandstones, with a few 
amygdaloids ; their dip is at first north-east. 

These Panjal rocks continue as far as the village of Eishmakam, where they 
are overlaid conformably by a series of green and white sandstones, blue lime- 
stones, and then by blackish slates and sandstones. The limestones contain 
erinoid stems, and two genera of corals very closely allied to the genera Zaph- 
rentis and OyathophyUum ; the overlying slates and sandstones arc full cl Fenes- 
telht , Product us, and Spirifer, of carboniferous species. Tire series at Eishmakam 
may be tabulated as follows, from above downwards : — 

1. Slates and sandstones with Fenestella, Frodndus , and Spirifer 

2. Sandstones and dark blue limestones with corals and crinoids 

3. White and blue sandstones 

4. Blue or green slates and amygdaloids= ... ... Silurian. 

This section proves the silurian age of the elate series of this part 1 of 
Kashmir, while the next section will show that these slatos are the same as 
those of the Pir Panjal. It will be observed that the carboniferous rocks 
of Eishmakam have precisely the same relationship to the Panjal series as 
have the Kiol series of the outer hills to the same rocks ; the two overlying series 
are also very similar in mineralogical composition. In my “Notes on the Geo- 
logy of the Pir Panjal,” I suggested that the Kiol group was of upper silurian 

1 Tt may be well to observe here that in tho more eastern Himalayas, there is no distinct 
Devonian period ; and the same rule is held to prevail here. Similarly we may notice the abscnco 
of any distinct permian period in tho moro eastern Himalayas, and probably also in the more 
western ; ride infra. 


I Carboni- 
\ ferous. 
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age; the present section, however, makes me think that it must be of carboni- 
ferous age. 

The carboniferous rocks of Eishmakam continue nearly up to the village of 
Bhatkot, where we come upon a bold escarpment of amygdaloidal and green- 
stone-like rocks, which seem to be faulted against the carboniferous rocks, cut- 
ting them out to the south-east along the ridge on which stands Liwarpatar 
station. Above the traps we have rocks consisting chiefly of massive blue and 
green sandstones and some amygdaloids; as these traps are overlaid by Blates, and 
are not in close relation to the carboniferous series, they may probably be some- 
what lower in the series than those of tho Sind valley and Pir Panjal. To the 
west of the Lidar river, the carboniferous rocks seem to be faulted against the 
trap of Chum station. 

The Panjal slates continue nearly as far as the village of Pal gam ; near the 
latter place we come upon another outlier of carboniferous limestones and slates, 
overlying the Panjals ; on the Shisha-Nag road to the south-west of Praslung the 
Panjals again come in beneath the carboniferous limestones, which have here 
a northerly strike and westerly jlip. The Panjals here consist chiefly of slates and 
bluish-green slaty sandstones, partially metamorphosed. 

The same Panjal rocks continue to Chandanwari, where they have a north- 
easterly dip, and underlie the white sandstones and dark blue limestones of 
the carboniferous series, which here stretches in a south-easterly direction below 
the Shisha-Nag into the Wardwan valley; the Panjals in places contain a few 
beds of amygdaloids interstratified with the slates. 

Taking a direct section from Chandanwari across the strike to Amraath, 
via the Koun-Nag, we find that the dark blue carboniferous limestones (contain- 
ing corals and crinoids) are interstratified with thick beds of slate and sandstone, 
and continue nearly up to Aston-Marg; at the latter place bands of white 
dolornitic limestones become common, and beyond this the series consists of almost 
pure white«dolomite with the same north-easterly dip up to the Koun-Nag; here 
we find tho dolomites overlaid by light blue limestones, sandstones, and slates ; 
further in still (to the west of Panjtarni station) the strata consist entirely of 
slates and sandstones overlying the limestones ; near this place the strata are greatly 
disturbed by contortions. Further north, however, to tho south of Panjtarni 
halting-place, we again come upon strata of white dolomite, with a south-westerly 
dip, which immediately underlie the slates and sandstones of Panjtarni station 
without any intervening limestones ; these slates will consequently be the highest 
of the series in this district. 

Taking the road to Ammath via Nag, we find that to the north of Panjtarni 
the strike of the white dolomites has become due north and their dip due west ; 
about a mile to the east of Nag, the dolomites are overlaid conformably by 
slates and sandstones, the former with a bacillar structure. These slates and sand- 
stones are continuous wi$i those of Panjtarni, and to the west of Ammath cave 
strike into the Zoji-la pass, where they form the “ bacillar sandstones ” noticed 
by Dr. Stoliczka at page 349 of “ Observation* in Western Tibet.” 

flPhe dolomites strike through the station and sacred eavo of Ammath and 
appear again on the Dras road to the north-east of the Zoji-la pass, and are 
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here continuous with rhcoto-triassic strata, described by Dr. Stolickza, which 
we shall again refer to. To the east of Ammath we have a descending series 
of limestones and dolomites ; these rocks are more blue in color, to the west, and 
may probably be in part carboniferous. 

The dolomites and limestones to the south of Panjtarni station also bear 
round to the north, and seem to bo continuous with the triassic limestones and 
slates described by Dr. Stolickza, on the Kashmir side of the Zoji-la. 

In a section from Shis ha- Nag to Panjtarni, we have much the same rock- 
series as from Chandanwari, except that immediately below the slates of Panj- 
tami station, the dolomites are mixed with sandstones, slates, and light-blue 
limestones, in place of being nearly homogeneous as at Aston-Marg. 

As to the age of the above strata, we have seen that the slates and limestones 
of Chandanwari are carboniferous ; the strata above this blue limestone do 
not contain recognisable fossils, but belong in all probability to the triassic period. 

The dolomites of Amrnath are continuous with the dolomitic limestones north 
of the Zoji-la, which Dr. Stolickza considers as equivalent to the Para limestone. 
The similar dolomites to the south of Panjtarni, which we have seen are partly 
replaced to the eastw ard by limestones and sandstones, will consequently be of 
the same age, and, as 1 have said before, seem to be continuous with the undoubted 
triassic limestones to the south of the Zoji-la. . 

There now only remains the question of the slates and sandstones of Panj- 
tarni, and the sandstones of the Zoji-la; the latter were considered by Dr. 
Stolickza to underlie the triassic limestones and consequently to be of carboni- 
ferous age ; it, however, appears that the section was not clear, and we must 
consider it to be a case of inversion, since we have seen that these slates and 
sandstones most distinctly overlie and occur in a trough of the dolomites -which 
occur to the south-east of the Zoji-la. As before said, therefore, these slates 
must be the highest beds of the rhaeto-triassic series. 

The dolomites to the north-cast of the Zoji-la, according to Dr. # Stoliezka, 
overlie the triassic limestones ; the same limestones must therefore be represented 
to the east of Amrnath ; while still further east 1 think the underlying strata 
must be carboniferous; these lower rocks would sweep round to underlie the 
triassic beds of the Dras river. 

The strata of pure triassic dolomite are easily recognised from great distances 
by weathering into the most fantastically-shaped pinnacle crags ; this is particu- 
larly well shown near Amrnath cave. 

Returning now to Palgam, we have to continue our section to the north-west 
into the Sind valley ; immediately to the north-west of Palgam, the limestones 
and slates of the carboniferous series continue as far as the village of Aru, 
where they are faulted against the silurian slates, and where they bend round 
to the eastward to join the Praslung boundary. 

From this point to tho Sind valley at Kulan, we have a succession of chloritic 
sandstones and grey and black slates of the silurian series, intermingled with 
a few bands of amygdaloidal tr§p, with a north-easterly dip to the north of 
Lidarwat, and a south-westerly dip to the southward of this place. These 
silurian rocks continue as far as the north side of the Kol&hoi range, beyond 
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which we again come upon the limestones of the carboniferous and triassic 
series, which, beyond Harbagwan, bend round with a west-north-west strike. 

In the Sind valley to tho north of Kulan, the silurian rocks gradually 
entirely lose their chloritic and amygdaloidal character, and consist of black and 
greyish slates ; a little to the south of Gaggangan these slates are succeeded by 
massive dark-blue limestones, with blue and white sandstones at the base, which, 
from their position, must undoubtedly belong to the carboniferous series, and 
which are doubtless continuous with the rocks of the same age and character to 
the north of Kolahoi. It is not improbable that some of the slates to the south 
of Gaggangan may also belong to the carboniferous series, though I havo placed 
the boundary at the limestones as being the only distinct line. 

These limestone rocks continue as far as the ridge on which stands Shalian 
station, at the base of which we come upon a fault ; the rocks composing the 
latter ridge have a north-easterly dip, and at the base consist of amygdaloidal 
traps, overlaid by chloritic rocks, which are probably of metamorphic origin. 

These rocks are probably of silurian age, and seem to have been thrust up 
in the middle of the carbonifero-triassic rocks (as we shall see immediately) ; 
I cannot, however, be certain as to what position they occupy in the former 
series ; we have seen that tho top of the silurian series which immediately 
underlies the carboniferous limestone of Gaggangan does not contain any trap, 
and it is therefore hardly likely that these rocks, irrespective of their posi- 
tion, are the same as those slates. I think it more probable that they belong to 
some lower silurian zone, which has been subsequently brought into its present 
position by faulting ; this may, however, be a case of a local trap outflow and 
subsequent metamorphism of the upper slates. 

This band of trap and silurian rocks continues to the south-east, forming 
the high range below Sonamarg ; on the northern side of this range we come 
upon beds of light blue and banded limestones, white dolomites, and slates having 
at Thajw^z a south-westerly dip, and which seem to be faulted against tho 
Silurians. To the north of the last-mentioned village these limestone rocks 
have a north-easterly dip, and form a continuous ascending series to the north- 
wards, where they are overlaid by sandstones and slates, similar to those of the 
Zoji-la and Panjtarni station ; tracing these latter rocks along the ridge towards 
the Zoji-la, we find that they are inverted in several places, which accounts for 
Dr. Stoliczka’s supposition ijiat they were older than the limestones. 

The Thajwaz banded limestones are very different from the massive dark- 
blue limestone of Gaggangan ; from the fact that Dr. Stoliczka found a triassic 
ammonite almost at the base of tho former series, it is clear that at least tho 
greater part of the rocks to the north of the silurian band must be of rlieoto- 
triassic age, and I have accordingly so colored them in the map. 

To the east of Sonamarg, I have traced these triassic rocks up the Nichinai 
stream into the Kishenganga watershed ; their distribution in the latter district 
must, however, be reserved for a future season’s work. 

* Returning now to K&lan, we have t6 follow the Sind river into tho valley 
of Kashmir . Green and grey slates, with some bands of amygdaloids, and of 
thfe very characteristic conglomerate of tho Pir Panjal, continue to tho village 
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of Mamar ; the occurrence of this conglomerate in the slate series of this side 
of Kashmir proves them to be the equivalents of the slates and traps of the Pir 
Panjal. On the right bank of the Sind river these slate rocks seem all to have 
a north-easterly dip ; on the left bank, however, an anticlinal axis occurs below 
the village of Rewil ; there is probably, therefore, either a break or a concealed 
fold among the rocks of the right bank. 

Some little distance below the last-named village, we come upon an entirely 
different series of rocks ; on the right bank of the river we find at the base of 
the cliffs (the dip being to the north-east) a considerable thickness of coarse 
gneissic rocks followed by unaltered grey sandstones, massive blue limestones, 
and overlaid by slates. The relation of these rocks to tho Silurians on the north- 
east is not well seen, but I think a fault divides them. 

To the north-west and north these rocks are apparently faulted against a mass 
of what seems to be trap-like rocks, which we have already discussed. These 
trap-like rocks form a band extending from the east of Safapur station towards 
Haramuk ; similar rocks occur on the left bank of the Sind valley, but the exact 
division between these and the silurian slates is » there also in great part con- 
cealed by forest. 

At the northern side of the extremity of the spur, which forms the right bank 
of the Sind valley, we come upon dark blue massive limestones, which overlie the 
trap-like rocks, their strike being north -westerly, and their dip north-easterly. These 
limestones extend a little to the north of Safapur station ; to the west of this 
ridge we again come upon trap-like rocks, where a peninsula of these rocks extends 
into the middle of the limestone, and the latter has a quaquaversal dip around 
the trap. 

To the south of the lake of Manasbal, at Aha- tang station, we have another 
mass of greenstone-like rock showing through the limestones ; these limestones at 
and near Kandabal overlie the compact blue limestone, and consist chiefly of white 
dolomitic beds, which are identical in character with those of Amraath, and 
which, I have not the least doubt, are likewise of triassic age. The massive 
blue limestone has not yielded characteristic fossils, though it contains crinoids, 
and brachiopods, and has yielded a species of Orthoceras to Mr. Theobald's search ; 
there can, however, be not the slightest doubt from its character and position 
beneath the dolomitic beds, that it must be considered of carboniferous age. 

The position of the presumably trappean rocks * beneath the carboniferous 
limestone, shows that if the former be non-intrusive, they must be re- 
carboniferous ; while, on the other hand, if they be intrusive, they must be post- 
carboniferous. 

From the form of their occurrence in a dome-shaped mass beneath the lime- 
stones, it might be supposed at first sight that these trap rocks were intrusive : 
the absence, however, of all dykes penetrating the limestone seems to forbid this 
view; and we can only conclude, as I have said before, that they are non- 
intrusive rocks, and are the representatives of the more thin-bedded amygdaloidal 
traps of the upper slates of the Pir Panjal. 

We must now revert for a moment to the gneiss, sandstones, and limestones 
which occur between the trap-like rocks of the Sind valley, in order to endeavour 
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to find out their age. I must, however, first observe that the carboniferous series 
of Kashmir is liable to great variation in mineralogical composition, even in con- 
tiguous areas. Thus, we have seen that at Islamabad this series consists almost 
entirely of limestones ; at Eishmakam, limestones are comparatively scarce, and 
sandstones and slates the prevalent rocks ; while again at Pal gam and Shisha- 
Nag, limestones predominate. 

Now, it will be observed that these sedimentary rocks of the Lower Sind 
valley, if we except the lower gneiss, are almost identical in composition with the 
carboniferous rocks of Eishmakam ; and I think it possible that they both belong 
to the same period ; the lower gneiss beds would be the representatives of the 
sandstones of Eishmakam, which have been altered by some subsequent meta- 
morphic action ; which, as we have seen in the case of the trap-like rocks, has 
been strong in this area. 

It is, I think, perfectly clear that these rocks cannot belong to the silurian 
series, in which limestone never occurs, nor do I think from their composition 
that they belong to the older gneiss, though Mr. Drew apparently favors that 
view. • 

In conjecturally referring them to the carboniferous period, however, a diffi- 
culty occurs, in that they are so different in mineralogical character to the neigh- 
bouring carboniferous limestones of the valley of Kashmir. The only way out 
of this difficulty, to my mind, is in considering that the carboniferous rocks of 
Kashmir were deposited in basins in a sea broken up by islets or peninsulas. 
The rocks deposited in deep water might well be chiefly calcareous, while those 
deposited in shallows and along the shores would consist of grits, clays, and a few 
calcareous bands. 

This supposition would explain the difference in the two types of undoubted 
carboniferous rocks of Kashmir; the one exemplified by those of the upper Lidar 
valley, and Manasba}, and the other by those of Eishmakam. In the former 
series there is an almost unbroken succession of limestones through the carboni- 
ferous and triassic periods, while in the other the upper carboniferous beds are 
all sandy and clayey, and are not overlaid by trias. 

The carboniferous limestones of Eastern Kashmir belong to the former type, 
though we cannot say for certain that they are overlaid by trias ; at the Marbal 
pass, as we shall see, they are replaced by rocks of the second or littoral type. 

The grits, clays, and limestones of the Lower Sind valley, if, as I think possi- 
ble, they are of carboniferous age, must be the littoral deposits of the basin in 
which the massive limestones and dolomites of Manasbal were laid down. I can- 
not, however, be at all certain as to the age of these rocks, and have accordingly 
left them blank on the map. 

Before proceeding to examine the rocks of the region of the Wular lake, it 
may, perhaps, be well to glance for a moment at the description of the rocks of 
the Sind valley given *by Dr. Stoliczka at page 349 of his “ Observations in 
Western Tibet.” In justice to the memory of such an authority, it must, 
hoover, be observed, that his notices of theefi rocks were made on the evidence 
of a single burned section, On his return from an arduous journey in Tibet ; 
while my Own observations are the result of a far wider survey. It is not, there- 
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fore, to be wondered at if some of Dr. StoJiczka’s conjectural correlations of 
these rocks require certain modification at our hands. 

In Dr. Stoliczka’s Memoir, the triassic age of the Thajwaz limestones was 
proved by the occurrence of a characteristic ammonite; it appears, however, 
that the Shalian ridge of trap and probably Silurian slates was not noticed, but 
that the Thajwaz limestone was supposed to rest directly on the massive limestone 
of Graggangan; the slates underlying the latter were supposed to be of car- 
boniferous age — a supposition which is in part quite likely to be correct, though 
the lower slates are silurian. The massive chloritic rocks, supposed to be of 
silurian age, seem to be in part at least the above-mentioned trap rocks, which 
we also have referred to the upper silurian series ; the gneiss and limestones 
below Marmar are not noticed. 

Commencing our survey of the rocks around the Wular lake, we find that 
trap forms the greater part of the rocks as far as the Budkool river, masses 
of carboniferous limestone, however, occurring along the borders of the lake, 
notably at Sadykut, Matipur, and on the left bank of the Budkool river. The 
limestones usually have a north-easterly strike. • 

To the north of the Wular lake, the trap-like rocks extend to a little beyond 
Kahati station, where they are overlaid by black, green and grey silurian slates, and 
green and buff sandstones, with an east-north-east strike, and north-westerly dip ; 
on the supposition that the trap-like rocks are the highest Silurians, this must be a 
case of inversion. 

These slates and sandstones form the mountains surrounding and jutting into 
the Lolab valley ; at Trigumma the green slates with a westerly dip are over- 
laid by massive blue carboniferous limestone, which forms the spur to the north- 
west of the latter place : a synclinal axis runs along this spur, and the limestones 
to the westward are again underlaid by slates: the lower beds of the former 
alternate on this side with beds of green slate. 

The position of the Lolab slates, beneath the carboniferous limestone, shows 
that the former are of silurian age, and correspond with the slates of the Pir 
Panjal. 

To the west of Shalura we have various colored slates, white and green 
quartzitic sandstones, and amygdaloidal traps, all of which, I believe, are inter- 
stratified with the sedimentary rocks, and which must therefore belong to the 
silurian series. The sandstones and slates to the West of the Trigumma lime- 
stone are much more altered than those to the east, owing to the presence of the 
traps in the one area, and their absence in the other. To the south of Shalura 
the silurian slates can be traced along the northern flan k of the Kaj-Nag range 
to Baramula, from whence we have already traced them along the Pir Panjal. 

This section, therefore, again proves the identity of the slate series of the two 
sides of Kashmir, and also their silurian age. 

IV.— Section from Kashmir to Maru-Wardwan and thence to Kishtwar. 

Starting from the town of S&gta, we leave the semi-ellipse of the carboni- 
ferous limestone at the village of Panzgam or Panzgama, and again come on the 
slates and amygdaloids of the Panjal series, which ws have already traced along 



50 


Records of the Geological Survey of India . 


[vol. xi. 


tlie north-eastern boundary of the valley of Kashmir. At the village of Soap to 
the east-north-east of Sagam, there are very extensive iron works belonging to 
the Maharaja ; the iron seems chiefly to occur in the form of carbonate and oxide 
at the base of the carboniferous series ; Dr. Ince in his “ Guide to Kashmir, ” 
when describing these works, mentions also the occurrence of silver and lead at 
the same place, and I have been shown specimens of the ore of the latter metal 
said to have been obtained from there. 

The rocks of the Panjal series at Panzgam have a north-easterly dip of about 
fifty degrees and consist in great part of the amygdaloids, intermingled with 
slates and slightly altered sandstones. 

At the village of Shatrii we come upon the semi-detached mass of carboniferous 
limestone, previously referred to, with a low north-easterly dip, extending as far 
as the town of Nowbug, and both boundaries of which appear to be faulted. To 
the south of the Nowbug outlier of carboniferous limestone, an anticlinal axis 
runs through the Panjal rocks, which seems to be continuous with the anticlinal 
which traverses the carboniferous limestone to the north of S&gam. The Panjal 
rocks to the south of Nowbug hre chiefly slates. 

Between Nowbug and the Margan pass the Panjal rocks form in the main a 
regular ascending series, interrupted by several minor flexures ; for some distance 
above Nowbug these rocks chiefly consist of amygdaloids, mingled with slates, 
while nearer the pass, slates and quartzitic sandstones are more prevalent ; the 
slates are sometimes banded, but are more usually of a uniform olive-green color, 
marked with reddish ferruginous spots ; at tho top of the pass the rocks are 
mainly whitish quartzose sandstones. Throughout the series there are occasional 
bands of amygdaloids, while I also noticed numerous fragments of tho character- 
istic conglomerate which has been referred to above as occurring on the Pir Panjal ; 
I did not, however, observe this rock in situ; this was probably owing to the quantity 
of snow which lay o$ the pass at the time of my crossing. 

A short distance to the north-east of the Margan pass a synclinal axis tra 
verses the rocks, which must be high up in the Panjal series, and from thenco 
we have a regular descending section with a south-westerly dip to the valley ol 
the Wardwan river, repeating the senes of rocks which occur on the south-west 
side of the pass. 

The quartzose sandstones on and near the Margan pass exhibit very beautiful 
examples of “broad ripple;” the large slab of nearly white sandstone, which has 
been placed as a “ cairn ” on the summit of the pass, is a notable example of this 
ripple ; other examples of rippled-marked rocks, covering surfaces of many square 
feet, are also exposed on the road between the pass and Inshin, in the slate series ; 
marks which I take to be annelid or molluscan tracks may also be occasionally 
observed on some of these ripple-marked slabs. 

It will be observed that the white quartzitic sandstones which occur high up 
in the Panjal series on -the Margan pass, have a striking resemblance to part of 
the Kiol series which I have considered elsewhere (Rec. Geol. Surv. Ind., 
IX, p. 160) as being probably the top bf the Panjal series in the outer 
; the limestone which underlies the sandstones in the latter region is not, 
however, represented on the Margan pass ; it is not impossible that some of these 
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sandstones really belong to the carboniferous series like that of Eishmakam ; in 
the absence of fossils, however, I have thought best to class them as silurian* 

Reverting to our section, we find that at the village of Inshin the Wardwan 
river follows for a short distance on the course of an anticlinal axis in the Panjal 
slates, the rocks on the right bank of the river having a south-westerly dip, 
while those on the left bank have a north-easterly dip. Below Inshin the 
anticlinal axis, with a north-westerly strike, continues for a short distance along 
the course of the river, and then, leaving the river, bends down and gains a noarly 
north-and-south strike. Continuing our course below Inshin along the river, after 
leaving the anticlinal, we pass for a short distance across beds with an easterly 
dip ; further down the river we cross a synclinal axis, the beds to the eastward 
of this axis having a nearly due westerly dip. As we proceed to the eastward 
the rocks, which at first consisted of bluish slates and slaty sandstones, become 
gradually more and more micaceous and metamorphosed, until wc come upon 
an anticlinal axis of gneiss, with a north-and-south strike, about seven miles 
above Maru ; tho gneiss, with mica-schists and micaceous slates or shales, con- 
tinues in a series of minor synclinals and anticlinal s as far as Maru. 

To the north of Inshin the Panjal series continues as far as the old fort of 
Passman, where those rocks are again underlaid by gneiss. 

It will be observed from the above that no hard-and-iast boundary can he 
drawn between the Panjal series on the one hand, and the underlying gneiss 
series on the other, — there being a gradual transition between the two. The 
boundary here and elsewhere between the two series is generally drawn nearest 
to the first band of gneiss ; it will be noticed in the sequel that many thick masses 
of slaty rocks occur in various places within the gneissic area; in some cases it is 
extremely probable that these masses of slate should be referred to the Panjal series, 
they having attained their present position by faulting. In an outline survey, 
however, conducted in the hasty and imperfect manner in which that of this part 
of the Himalayas must of necessity ho, it is impossible to map in all the^p outliers. 

Returning for a moment to the ripple-marked rocks of Inshin, we may observe 
that these rocks, which, as we have seen, occur chiefly near the top of the Panjal 
series, must have been deposited in shallow water, and probably in a subsid- 
ing area. 

Again taking up our section at the village of Maru, we find that the gneiss 
continues up the Farriabadi river, with a general northerly strike and westerly 
dip, for some eight or ten miles, 'beyond which point I was unable to continue 
my survey on account of the vast quantity of snow which then filled the valley ; 
in all parts of the valley the pebbles in the stream consisted entirely of gneiss or 
very similar metamorphic rocks, and it seems to be most probable that the same 
gneissic rocks extend to the summits of the barren and almost inacessible range from 
which the stream takes its course. I may, perhaps, here mention that several 
boiling and sulphurous springs occur about ten miles up the Farriabadi river, and 
also in several other places of this district. 

The gneiss in the Maru district's either fine-grained or porphyritic ; in either 
case indistinguishable in hand specimens from granite ; it passes in places into 
m ; ca-schist, micaceous shales, and even into little altered slate, which latter is 
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frequently found interstratified with it ; in no case, either in this district, or in the 
1 rest of the country here treated of, were veins of granite found penetrating the 
gneiss. 

Between the villages of Maru and Hanzd the strike of the rocks becomes first 
north-westerly, and lower down again almost due north, following in this respect 
veiy nearly the course of the Ward wan river; the rocks on both banks have a 
north-easterly or easterly dip, while an anticlinal axis runs near the summit of the 
ridge on the right bank. The prevailing rock at Maru is gneiss, while at Hanza 
white and massive quartzite is the most common. 

At the bend of the Wardwan river, near the village of Lopar the strike of 
the metamorphic rocks again becomes north-westerly with a low north-easterly 
dip ; an anticlinal and a synclinal fold are crossed in the southerly-flowing por- 
tion of the Wardwan river below Lopar; below this synclinal there is a low 
north-easterly dip, which continues as far as the village of Krur ; there is much 
contortion of the rocks at Lopar. Grneiss is the most prevalent rock in the series 
of this district, it is generally very massive and granitoid, and most especially at 
the village of Ekali ; below the^latter village the gneiss is underlaid by whitish 
quartzites very like those before mentioned as occurring higher up at the village 
of Hanza. 

At the village of Krur we come upon an abrupt junction, apparently a faulted 
anticlinal axis, with a north-westerly direction ; the rocks on the southern side of 
this faulted anticlinal have a south-westerly dip of about seventy degrees, and 
consist of black slates with a few felspathic grains, in striking contrast to the 
gneiss and quartzitic rocks on the north of the same axis ; micaceous or black slaty 
beds continue from this fault to Kishtwar, but no distinct beds of gneiss occur 
in the rocks immediately to the south of this fault; though another ridge 
occurs near Mogalmaidan. I have accordingly taken the line of this fault, as the 
boundary between the crystalloid and the slate series, the latter of which will be 
shown subsequently to be the equivalent of the lower part of the Panjal series. 

V. — Section from Kishtwar to LAHifii. 

We may now proceed to trace the rocks of which we have just been treating 
further up the Chinab valley into British Lahtil : at the town of Kishtwar itself 
the rocks are chiefly micaceous or black slates, without any bands of gneiss; an 
anticlinal axis with a north-westerly direction traverses these rocks a little to the 
north of the town. 

In the sharp bend which the Chinab makes immediately above the town of 
Kishtwar, the river cuts directly across the strike of the strain. ; above this bend, 
however, the river flows towards the north-west, and consequently with the 
strike. In proceeding up the river from Kishtwar we first cross the above-men* 
tioned anticlinal, and subsequently a synclinal axis ; the rocks are either mica- 
ceous or black slates with* few sandstones, either grey or whitish in color; as we 
adyance further up the river the rocks become gradually more and more crys- 
tnttised and metamorphosed; till at the village of Pias they are chiefly massive 
qtS^ piping loeally into gneiss; the lowest beds exposed in the ravines at 
andnear this place a *e of gneiss. This gneiss corresponds to that of the Word-. 
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wan valley; and the boundary between the crystalline and slate series has 
consequently been drawn a little to the south of the last-mentioned village. 

Near the village of Galha the river cuts obliquely across an anticlinal axis ; 
this axis appears to be the continuation of the faulted anticlinal axis occurring on 
the Wardwan river at Krur, to which we have already referred ; it does not, 
however, appear to be faulted here ; the same anticlinal continues its course 
along the foot of the range to the south of the Chinab in an easterly direction, 
as far as the town of Atdli, where we shall again have occasion to refer to it. 

Between Pias and Seri or Sereri, the rocks consist of granitoid gneiss, mica- 
schist, and micaceous slates ; the lower parts of the tilted beds are frequently 
more altered than the upper parts of the same beds ; at Seri itself the rocks are 
almost entirely granitoid gneiss : further up, at J ar, white quartzite is more 
common, and there are various kinds of rocks intermediate in character between 
these two ; a boiling spring occurs a little above the last-mentioned village. 

At the junction of the Bhutna with the Chinab river we find a great variety 
of metamorphic rocks, among which we may mention gneiss (fine-grained, por- 
phyritic, or garnetiferous), mica-schist, micaceoqs slates, gametiferous shales, 
quartzites, black slate, with crystals of felspar, gradually passing into gneiss, and 
little altered slates and shales. 

The anticlinal axis which we have already referred to as traversing the range 
to the south of the Chinab, crosses the latter river at Atuli, and taking a north- 
easterly direction runs for some distance up the valley of the Bhutna river, where 
it appears gradually to die out. The strike of the rocks on the southern side 
of t.kifl anticlinal gradually changes, till at Attili it becomes north- easterly, the 
dip being to the south-east : higher up the Bhutna river the strike again bends 
round to regain its normal north-westerly direction, the dip being to the north- 
east. The rocks on the western side of this anticlinal on the Bhutna maintain 
their north-westerly strike and north-easterly dip, up to the faulted anticlinal. 

In addition to the evidence of faulting afforded by the different strike of the 
rocks on either side of the Bhutna anticlinal, we have further proof in the dis- 
tinct mineralogical composition of the rocks on the two sides of the river. The 
rocks on the right bank of the Bhritna at Atuli are black slaty shales, highly 
impregnated with sulphur and iron ; higher up the river these rocks are succeeded 
by garnetiferous schists and granitoid gneiss : as far up as the village of Machail 
the rocks are chiefly granitoid gneiss, which appears»to extend up to the Uma- 
si-la. The rocks on the left bank of the river at Atuli consist of micaceous 
Schists and shales abounding in garnets, and of thick-bedded granitoid gneiss. 

I myself have not crossed the Umasi-la into Zanskar, but I learn from 
Mr. Drew's notes that the gneiss rocks continue across the pass into Zans- 
kar, as far as tie village of Ayting, where they are overlaid by silurian slates, as 
* has already been determined by Dr. Stolickza. It seems, therefore, probable that 
the whole of the great snowy range separating the Chinab valley from Zanskar 
consists of one great core of gneiss. 

I also learn from Mr. Drew’s notes that a few bands of pure white crystalline 
limestone occur interstratifled with the gneiss in certain parts of the valley of the- 
Bhtltna river. 
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Leaving now the Bhtitna river and again continuing our course up the Chinab 
valley, we find, in consequence of the curving of the above-mentioned anticlinal, 
that the latter river above Attili cuts at first almost directly across the strike of 
the strata, through beds of garnetiferous mica-schist, shales, and gneiss. At the 
village of Spl, however, the strike has regained its normal north-westerly direction, 
following nearly the course of the river, the dip on either side being to the north- 
east. A little to the westward of the village of Patrali, the strike once more 
becomes almost directly north and south, and consequently nearly at right angles 
to the course of the river ; near this change of strike we cross firstly a synclinal, 
and then a curved anticlinal axis ; the strike above the latter becoming a little to 
the north of west, with a southerly dip on both banks of the river, the same strike 
and dip continues as far as Kilar ; the rocks consist chiefly of mica-schist, mica- 
ceous shale and granitoid gneiss with bands of slate ; at the village of Darwas 
a rock much resembling coarse pegmatite occurs apparently interstratified with 
the gneiss ; below the former there is a thick band of a white feispathic rock contain- 
ing large trihedral prisms of tourmaline. Immediately to the south of Kilar there 
is a very thick band of granitoid gneiss ; this gneiss is overlaid conformably by a 
newer series of bluish slates and sandstones, which we shall now’ trace for a 
considerable distance, and which contain no truly met amorphic rocks. These 
newer slaty rocks will henceforth be designated the “ Pangi slate-group.” 

Following these Pangi slates up the Chinab river, we find that at Sauch the 
slates are thick-bedded with occasional bands of splintery greyish shales; the 
strike at the latter place has changed to the north-west, with a south-westerly dip # 
At Saor we cross a synclinal axis in nearly vertical slates, which again cuts the 
river higher up, to the westward of the village of Sheli ; above Saor there are 
a considerable number of bands of blue and fawn-colored sandstones mingled with 
the slates which here are nearly black and thick-bedded, or flaggy. Taking a 
croBS section through the same rocks to the south-west of Tindi, we find that 
there is a Qescending series with a north-easterly dip across the Drati pass, beyond 
which 1 presume we should again come upon the underlying metamorphic rocks. 
Between Tindi and Margraon the Pangi slates contain large quantities of iron 
ore, partly in the form of the magnetic oxide ; sandstones and occasional bands of 
blue limestone alternate with the slates. Through the thick-bedded black slates 
at and near the village of Salgraon, there are scattered a vast number of imbedded 
blocks of granitoid gneiss, etther angular or water-worn, and varying in size from 
less than an inch to upwards of three and a half feet in diameter. These gneiss 
blocks extend through a vertical rock-thickness of at least two thousand feet and 
also occur over a very wide horizontal area, being found, though in smaller num- 
bers, in the same beds near the village of Saor, some ten miles lower down the 
river ; by following the Salgraon beds towards the south-east the same blocks 
might, probably be traced a considerable distance in that direction also. 

The occurrence of these blocks of gneiss in the Pangi slates proves in- 
oonteetably that some portion at least of the older gneissic rocks must have been 
undergoing denudation at th^ period of deposition of the slates, 
consequently such gneiss must have undergone its metamorphism pre- 
viously to the deposition of the slates. 
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With regard to the transporting power which brought these gneiss blocks 
into their present position, there can, T think, be but little doubt that it was either 
ice or the roots of trees descending some old river. From the vast number of 
these blocks, together with the large area over which they extend and the great 
thickness of rock through which they occur, I am strongly inclined to think that 
the former agent must have been the transporting power, however improbable it 
may appear that ice should once have floated in a sea so near the tropics. We 
must, however, remember that there is a somewhat parallel case in the ice-worn 
boulders of the Talchir group in India itself. If the supposition as to the origin 
of these boulders, here put forward, be tenable, it is evident that the old gneissic 
land must have formed elevated mountains, and the temperature of the climate 
was sufficiently low to admit of glaciers descending to the sea-level and bearing 
away with them rock-masses. I may add that the nearest gneissic mass to the 
erratic block near Salgraon is about twenty miles distant, and that the outer por- 
tion of this gneiss is conformable with, the slate series, and consequently could 
not have afforded the blocks. 

Continuing our course up the Chinab, we cross the before-mentioned synclinal 
between Salgraon and Sheli ; the north-westerly flowing roach of the river at 
Triloknath runs along an anticlinal axis, and we come across another synclinal 
some seven miles above the latter place. Beyond Trilokntbth the rocks have a 
south-westerly dip up to and beyond the village of Tandi, where the Chandra and 
Bagha rivers unite ; the rocks have the same general composition in this area as 
below, though limestone becomes relatively more common. 

Following up the Chandra river, we find that the rocks on the left bank, and 
further up on the right bank also, have a north-easterly dip ; these rocks extend 
southwards to the north side of the Rotang range where they rest conformably 
on gneiss and other metamorphic rocks ; limestones are here common in the series. 

The superposition of these Pangi slates and limestones on the metamorphic 
rocks of Kulu has been already noticed by the late Dr. Stolickza (“Geological 
Observations in Western Tibet,” p. 340), who considered that the former were 
probably of Silurian age. 

Returning now to Tandi, we may trace the same group of slates up the Bagha 
river till they again rest on gneiss ; this gneiss, according to Dr. Stoliczka, com- 
mences at the village of Kangsir or Kangsar on the Bagha, 1 and extends as 
far as the village of Darcha or Daree, beyond which it* is overlaid by undoubted 
Silurian rocks. This gneiss on the Bhaga river Dr. Stolickza considers as being 
equivalent to his so-called “ central gneiss.” 

We must return again for a moment to Triloknath, and from thence ascend the 
valley to the north of that place, thereby obtaining another cross section of the 
strata ; a short distance up the valley the beds with a north-easterly dip cease, and 
we come on beds with a south-westerly dip ; these beds, which consist of slates and 
sandstones, form a regular descending series up to the village of Tingrat, becom- 
ing gradually more and more micaceous ; near the latter village we come upon 

-JL. 

1 By a mistake at line 7 from the top of page 341 of Dr. Stoliczka’ s above-quoted paper, 
the word Chandra has been substituted for Bagha . 
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bands of gneiss in the slates and further up upon massive granitoid gneiss. The 
boundary between the Pangi slates and the gneiss must here be considered 
somewhat arbitrary : it is drawn near the first gneiss band. 

To the south-eastward of Chirpat in the same valley there occurs a large 
irregular mass of granitoid gneiss which extends nearly to the missionary station 
of Kailing, on the Bagha river, although it does not anywhere touch that river : 
the exact relations of this mass of gneiss to the Pangi slates is a good deal con- 
cealed by permanent ice and snow ; it appeared, however, to underlie them, and 
may doubtless be considered as an outlier of the same gneiss found in mass to 
the north-eastward. 

From the above description it will be apparent that the Pangi slate group 
forms an irregular ellipsoidal mass resting on a basin of gneiss and other meta- 
.morphic rocks. 

We have now traced the same series of gneiss and other metamorphic rocks 
down the Ward wan valley and along the southern side of the greater part of the 
snowy range which separates the valley of the Chinab from Zanskar, and we have 
already taken several cross sections in various parts of this range, by which we 
were led to conclude that the same gneiss extended to its summit, between Atuli 
and Zanskar; more to the east we find from Dr. Stoliczka’s notes that on the 
Chandra, the gneisslc rocks are not more than a few; miles in width and are over- 
laid by presumably silurian slates. 

It now remains to consider for a moment the rocks forming this Zanskar (or, 
as Dr. Stoliczka calls it, Baralatse) range, more to the north-west in the Siirti 
district. Now, at page 347 of “ Geological Observations in Western Tibet” 
Dr. Stoliczka observes — 

" The metamorphic rocks of the Baralatse range, south of Suroo (Siirti), 
extend to the north of this plape with an unchanged miner alogical character up 
to the village Zangra. Here they carry a large proportion of hornblende, and 
overlie a*mass of gneiss in a dome-shaped bedding. The gneiss, which is, very 
well exposed near the old fort, Carpo-khar, consists of a great quantity of 
white quartz, orthoclase and muscovite ; biotite being rather subordinate. * On 
the northern side it is overlaid by a similar hornblendic schist, which gradually 
changes into talcose and chloritic schists, these being themselves followed towards 
the north by micaceous schists. From Sankoo to Saleskoot tough chloritic and 
quartzitic sandstones prevail, and to the north of the last-named place they are 
in contact with syenitic rocks.” 

- From this it would appear that the Zanskar (Baralatse) range at this point 
consists of a core of gneiss, overlaid by less altered metamorphic rocks, and the 
latter again by the above-mentioned hornblendic rocks, which probably sweep 
round to the north of Sfirfi, and separate the metamorphic rooks from the 
possibly eruptive syenitic rocks to the north. 

: Ai page 348 of the seme Memoir, Dr. Stoliczka, in speaking of the hornblendic 
rocks of Sankoo, considers these rooks to be Silurians; at page 351 he again 
wwwrks that “the gneiss of the prolonged chain, south of Padam and Suroo 
WM m the central gneiss, only devoid of the albite granite veins.” 
la the 1 map I have accordingly assumed that the whole of the metamorphic rock 
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occurring below the hornblendic Silurians is the equivalent of the central gneiss 
of Dareha at the south-eastern end of the range, and the gneiss of Wardwan ; 
the central axis of the range being pure gneiss and the outer parts less com- 
pletely metamorphosed, precisely as we have found to be the case in the Chin&b 
district; this identification will be again referred to. 

I may also observe that I find from Sir. Brew’s notes that the hornblendic 
rocks in the neighbourhood of Dras very much resemble some of the Kashmir 
amygdaloids, the - probability being that those of Dras swing round between the 
northern extremity of the Sfirti metamorphic rocks and the carboniferous rocks 
of the Zoji-la, to join the amygdaloidal Silurians of Kashmir: it will, however, 
require a tour in that direction to settle this point. To the north of the Dras 
Siberians we gather from Dr. Stoliczka that the syenitic rocks belong to mi 
entirely different series from the gneissic rocks of the Zanskar range. 

VI. — Section from Kishtwar to Kashmir. 

Betuming once again to Kishtwar, we have to carry a section from thence 
into Kashmir, across the Marbal pass. This line of country has been already 
traversed by Dr. Stoliczka, who at page 350 of his often-quoted paper on Western 
Tibet dismisses the subject with the remarks that “to the east of tjie Marbal 
pass only metamorphic rocks have been observed all* the way to Chamba and 
that “some of these altered rocks are probably altered silurians, but there is 
every reason to expect that still older formations may be found in them.” 

The Kishtwar and Kashmir section requires a somewhat fuller examination 
at our hands than the above, as from it alone are we able to connect the slates 
of Kishtwar and Pangi with the slates and amygdaloids of the Panjal series. 

Between Kishtwar and Mogalmaidan the micaceous sandstones and black and 
greenish slates which we have seen td occur at the former place continue ; the 
anticlinal axis which runs, a little to the north of Kishtwar is continued near 
the road, and beyond Mogalmaidan its strike bends upwards to the north. The 
section at and beyond the latter place is somewhat obscured by forest, but it 
appears probablfe that the middle of this anticlinal is occupied by a ridge of granit- 
oid gneiss overlaid by slates ; to the south-west of Mogalmaidan, we have an 
ascending series of slates about halfway up. to Khashimarg station ; the second 
half of this section being occupied by a descending section of similar rocks, 
which rest on granitoid gneiss at Pipran station ; the latter gneiss seems to be 
continuous with the gneiss which I have described in my paper on die Geology of 
the Pfr Panjal as underlying the rocks of the Panjal series at Banihal. In the 
upper half of the slate series between Mogalmaidan and Khashimarg there occur 
numerous beds of the characteristic Pir Panjal amygdaloids and conglomerate. 

Leaving the gneiss beyond Mogalmaidan on the Kashmir road, we pass over 
an ascending series of slates and amygdaloids, with bands of conglomerate for 
a' considerable distance; an anticlinal axis passing through these rocks near 
Singpdr ; these slates and amygdaloids belong tb the typical Panjal series. 

Beyon£ Singpdr come upon a series, of greenish slates and sandstones, 
with a north-easterly dip, in which about six miles to the east of the Marbal pass- 
I foiind a considerable number of specimens oiProdwMw, other oar- 
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boniferous fossils. Those rocks are the continuation of the carboniferous eerie? 
of Kashmir. They appear to be faulted in between the rocks of the Panjal 
series, from which they are distinguished by the absence of the amygdaloids, sc 
characteristic of the latter, by the slates being thin-bedded and banded, in place 
of thick-bedded, by the presence of beds of chert or limestone, and by their cha- 
racteristic fossils, when the latter oedhr- 

The beds with the north-easterly dip continue along the road till we get neai 
to the Marbal pass, where we cross obliquely an anticlinal axis in nearly vertical 
carboniferous rocks ; the same axis continuing into Kashmir and joining wit! 
the axis previously noticed as occurring to the south of Nowbug. A small patcli 
of carboniferous limestone occurs to the south-east of Ail station ; and a bed oi 
the same limestone is interstratified with the slates on the left of the road on the 
eastern side of the Marbal pass. The ridge on which Ail station is placed con- 
sists of rocks of the Panjal series, with a north-easterly dip. 

On the Kashmir side of the Marbal pass the carboniferous rocks contair 
more cherty beds, in which fossils are extremely numerous; near Wankringi 
halting-ground there occurs a tljick band of conglomerate in the same rocks ; and 
some of the sandstones are ripple-marked. Below the last-named locality the 
Panjal rocks, with the same north-easterly dip, bend down to the southward ; the 
Tansan stream forming the boundary between the two series, as far as the village 
of Wy! where the carboniferous rocks strike obliquely across the ridge to the 
north-east of that place, beyond which we have already described them in the 
section from Kashmir to Wardwan. 

The carboniferous rocks to the south of Wyl have a south-westerly dip ; nortl 
of that village the dip is to the north-east ; an anticlinal axis continuous wit! 
that before noticed near Sagam running along the ridge to the north of Wyl. 

The Panjal rocks to the north-east of the Tansan river arc composed almosi 
exclusively of amygdaloids; the carboniferous rocks below Marbal are almosi 
entirely limestones. 

From the above it is evident that we must amend Dr. Stoliczka’s statement 
given at page 350 of his “ Observations in Western Tibet,” that the carboniferoui 
rocks do not extend to the eastward of the Marbal pass (/ e , if the word j)ass ij 
used in its normal sense to signify the “ crest ”). The occurrence of limestone anc 
carboniferous fossils six miles to the east is a sufficient proof of this error. 

The slaty and sandy carboniferous rocks of the Marbal pass, abounding ii 
fossils, seem to replace the limestones of the valley of Kashmir, and, as we hav< 
already seen, may probably be considered as the littoral deposits of the basin ii 
which the limestones were laid down. 

VII. — General conclusions. 


From a perusal of the facts detailed in the foregoing sections, and from the 
Memoirs of Dr, Stoliczka, Mr. Medlicott, and myself 1 on the rocks of differenl 

'StoHtaka! Mem. Geo! SuW. Indie, Vol. V. 

, , I*>. do. do. do., Vol. III. . 

r ft* Itec. do. do. do., Vol IX 

y geology of Kumaon end Garhwal in Memoir on Hill Districts of N.-W, Provinces 

i pec. Geo! Sum Mia. Vo! IX. 
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districts in the Himalaya, we may draw the following general conclusions as to 
the older Palaeozoic rocks of our present area, viz. 

That the Pfr Panjal range consists of a series of Silurian slates and 
amygdaloids resting on a core of gneiss. 

That the same rocks are continued into Kishtwar, where they rest on the 
gneiss of the Zanskar ridgo, and that they also have the same relations in the 
Wardwan valley. 

That the same rocks extend to the eastward, where they rest on the gneiss of 
the Dhaoladhar range. 

That the same rocks recur on the northern side of Kashmir, whero they are 
overlaid by carboniferous and newer rocks. 

That the gneissoid rocks of Siiru are continued down the Wardwan valley, 
extend to Pangi, and are apparently continuous with the “ central” gneiss of the 
Bagha river. 

That the Pangi slates have the same relationship to the gneiss of Pangi and 
Kdlu as have the silurian Panjals to the gneiss of Wardwan. 

That the slaty rocks on the northern side pf the Zanskar range have the 
same relation to the gneiss as have those on the south side, and that consequently 
if the gneiss of the two areas be of the same age, the overlying rocks will aJso bo 
of the same age. • 

Our next point is to consider how these various rock-grOups are to be com 
nected together, and also as to what horizon in the geological series they belong. 

Before proceeding further, it will be well to remind the reader that Dr. 
Stoliczka determined two distinct horizons of gneiss in tho Himalaya ; one of 
these kinds of gneiss is to be found on the right bank of tho Indus in Ladak, 
and since it conformably, underlies carboniferous rocks is supposed to represent 
altered silurian strata. The second kind of gneiss was named by Dr. Stoliczka 
“central gneiss,” and according to that author 1 “is overlaid by undoubted 
silurian rocks,” though we are not told whether the overlying rocks are con- 
formable or unconformable to the gneiss. This “ central gneiss” was at first sup- 
posed to be characterised by being traversed by veins of albite-granite, but as 
might have been supposed, this turned out to be a somewhat local character. It 
is not therefore apparent whether the “ central gneiss” was supposed to have been 
gneiss at the time of the deposition of the silurian series or not ; if, as I have 
suggested above, the gneiss blocks which occur in the Pangi slates were derived 
from the neighbourhood, it is evident that they must have been derived from 
gneissic rocks, which existed as such at the commencement of the deposition of 
the Panjals, and which, if the “ central gneiss” really conformably underlies the 
Silurians, must be older than the former. 

Now, we have already seen that Dr. Stoliczka unhesitatingly recognised the 
gneiss of Darcha as being “central gneiss,” and also that he conjectured that the 
gneissic rooks of Surd belonged to the same group, and it is quite clear that the 
latter underlie conformably the slate series, which we presume to be of silurian 
age ; if this identification be valid, the “ central gneiss” must also underlie tho 
Silurians conformably. 


1 Geological Observations in Western Tibet, p. $41, 
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Again, if this hypothesis bo correct, the’“ central gneiss” will be the equivalent 
of some part of the gneissic series of the northern flanks of the Zanakar range, 
though it is, of course, quite possible that in those places where there is a transi- 
tion from slate to gneiss that gneissose beds in one place may correspond to 
slaty beds in another. 

On the other hand, the “ central gneiss” is supposed to be the oldest known 
rock in the Indian Himalayas, and if we consider that this gneiss is the same as 
* the gneiss winch underlies conformably the silurian slate series, we should be 
driven to the conclusion that the gneiss from which the pebbles in the Pangi 
slates are derived was older than the “ central gneiss.” 

The latter consideration would lead us to tho conclusion that the “ central 
gneiss” must be distinct from the gneiss underlying the Kashmir Silurians, and 
that there is a break between the two, the Darcha gneiss really being unconform- 
able to the overlying silunans, and a great portion of the gneiss of the Zanskar 
range being unconformable to the gneiss which underlies and alternates with the 
slate series, and being contemporaneous with the central gneiss. I cannot, however, 
say positively which of these two hypotheses is the correct one ; and accordingly 
all the gneiss in our area has been colored of the same shade. 

It seems evident that the gneiss which underlies the Pir Panjal slates is 
the Bame as that which^undei lies tho slates of Kishtwar and the Ward wan, and 
also that which underlies the Pangi slates on the north of the Kotang pass, though 
we cannot say the same with regard to the gneiss of Darcha. 

The gneiss of the Dhaoladhar, if we may judge from its abrupt termination 
to the north-west, may be the equivalent of the “ central gneiss” of Darcha, 
although in strike it corresponds more nearly wifh that of the Panjal range. 

If it should turn out that the central gneiss be older than the infra - silurian or 
Cambrian gneiss, it will be necessary that the centre of the mass of rocks forming 
the Zanskar range should be colored of a different tint from the gneiss of the 
rest of the juap, with the exception probably of the granitic mass at Railing and 
that of the Dhaoladhar range. Only an arbitrary boundary could, however, in any 
case be attempted. v 

It seems, therefore, to bo apparent that all the gneiss in the area under dis- 
cussion is older than the great mass of rocks of the silurian period (with the 
possible exception of a small mass in the Lower Sind valley), and that in certain 
instances there is a passage # from the conformably overlying slates to the under* 
lying gneiss, in which case the gneiss generally may be called Cambrian. 4 Fur- 
ther, there is evidence of the existence of another kind of gneiss, which existed 
as such at the silurian period ; this gneiss occurs probably in the Zanskar range, 
but whether or no it is the same as the “central gneiss” we are at present 
apable to say. 

With regard to the overlying rocks, wo have seen that the Panjal series is 
^jfriiK-carboniferous, and we may therefore consider them (in the absence of any 
* — — — — * 

1 this gneiss is overlaid by a great thickness of slates, which are considered as 

conformable gneiss being always below this thicknesses called for the sake of dis- 

P^Cmbriaa* though it to ay, of course, he occasionally in part silurian, or, on the other frsn fl, 

hhf tfie tlfttes nxav sometimes be Cambrian. 
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fossil evidence) as being silurian 5 we have traced the same rooks into the Ward- 
wan, and also into the Kishtwar country, and it is probably the same slate series 
Which overlies the gneiss of the Dhaoladhar. 

With regard to the slates and limestones of Pangi, we find that they rest upon 
gneissic rooks in the Kilar district, which gneissic rocks are almost certainly 
the same as those of the Pfr Panjal, which, as we have seen, underlie conformably 
the silurian slate series ; it is therefore probable that the Pangi series is also of 
Silurian age. If, as we have suggested, the Darcha gneiss is older than the Kilar 
gneiss, there will be unconformability in the junction of the slate and gneiss in 
the one area, and conformability in the other, which would also lead to the in- 
ference that the Cambrian gneiss is totally unrepresented at Darcha, unless some 
of the lower slates be its equivalent. 

The Pangi slates were considered by Dr. Stoliczka, to be in all probability the 
equivalents of the Silurians of Lahul which “ overlie the “ central gneiss the 
Silurians of Lahtil are continuous with those of the Padam valley, which, as far 
as I can gather, overlie Cambrian gneiss on the , northern side of the Zanskar 
range, exactly as do the Pangi .slates on the southern side. Although the ab- 
sence of fossils from the latter group, as far as we know at present, may be consi- 
dered by some as leaving the question open to doubt, the probability as to their 
silurian age is to my mind very strong indeed. 

We have seen that the valley of Kashmir is bounded generally by interstrati- 
fied trap and silurian slates, interrupted along the axis and to the north-west by 
carboniferous limestone, and more massive trappoid rocks ; at the north-western 
end of the valley we have seen conclusively that the carboniferous rocks occupy a 
synclinal in the silurians and it is probable that they have the same relations at 
the Marbal pass to the south-east. This would lead us to infer that the axis of 
the valley of Kashmir lies along a synclinal; the normal relations of the 
rocks having, however, in several places, been much disturbed. 

If we admit the foregoing references, the following table will approximately 
represent the chronological succession of the palaeozoic strata in the area under 
consideration, as far as we are at present able to classify them 


Slates of Marhiil pass ... ... ... ...-j 

Limestones of IslHinab&d and Manasbal; slates and limestones of >Carboniferons. 
Eishmak&m und Lidar valley ... ... ...I 


Slates of Lahul 

Slates and limestones of Pangi ... 
Slates of Kishtwar 

Slates and trappoid focks of Pfr Panjal 
Trappoid rooks of Kashmir ... 


\ 


> Silurian. 




Gneiss of Pfr Panjal 

Upper gneiss of Wardwan and Zanskar range 
K61d gx&ias ... ... 

/ * rf 3 

Central., gneiss of Darcha 
Lower gneiss of Wardwan and Zanskar range 
Dhaoladhar gneiss ... 


| Cambrian. 

. v Js/Va-aUarian, hut 
, > iKftct age not 
.) determined. , 
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I must now say a few words as to certain relationships of some Himalayan 
rock* groups, which War© suggested by Dr. Stoliczka, at page 141 of his “ Memoir 
on the Rocks of the North-Western Himalaya.* * 

It is there stated that the w?/ra*Blini sandstones and Simla slates probably 
correspond with part of the Bhabeh group ; if we refer to page 341 of the “ Ob- 
servations in Western Tibet** we find that the Lahul silurians are also supposed 
to correspond with the Bhabeh group. The group of silurians in the above table 
may therefore also be probably referred to the Bhabeh group, with which they 
agree in overlying gneiss. 

Referring again to page 141 of the “North-Western Himalaya,** we find that 
the Blini group is conjecturally correlated with the Muth group ; the one overlying 
the inf r otr Blini (Simla slates) and the other the Bhabeh group. 

In the same memoir (page 141) apart at least of the m/ra-Krol group is conjec- 
tured to be the representative of the Kuling or carboniferous series, while the 
overlying Krol limestone is likewise conjecturally correlated with the Lilang or 
triassic series. 

With the two latter correlation I may say at once that I cannot agree, and for 
the following reasons : firstly, I have already stated at page 161 of my “ Memoir 
on the Geology of the Pfr Panjal,** my opinion that on account of their com- 
position, position and relation to the older rocks, the Krol and Kiol groups are 
probably equivalent ; secondly, the Kiol group occurs at the top of the silurian 
rocks (the series being inverted) precisely in the same manner as do the carboni- 
ferous rocks to the north of Kashmir ; thirdly, the Kiol group agrees precisely 
in composition with the carboniferous rocks of the north of Kashmir : both groups 
consisting of massive blue limestone, polychroic slates and sandstones ; fourthly, 
the rocks of the Kiol group are quite unlike the light-blue banded limestones, 
dolomites, and slates of the north of Kashmir; fifthly, no limestone occurs 
in the silurian rocks of Kashmir ; there is, therefore, a fair presumption that the 
Kiol group does not belong to that period, while if we refer it to the triassic 
period, we have no rocks to represent the carboniferous period. 

It is, I think, therefore extremely probable that the Kiol group may be of 
carboniferous age. This being so, and assuming the identity of the Krol with the 
Kiol group, the former also (and probably the infra - Krol group) will be of 
carboniferous age. 

It may be well here to mention that in my above-quoted paper I considered 
the Kiol group as being probably partly of upper silurian and partly of carboni- 
ferous age ; I was led to this inference from the fact, that in many parts of the 
valley of Kashmir itself the junction between the silurian rocks of the Pir Panjal 
and the carboniferous series is often a faulted one, and I was led from this to think 
that there’ was a break between the two which was filled by the lower Kiol beds ; 
other sections, however, to the north of Kashmir, have shown the carboniferous 
Bmeetones and slates resting conformably on the silurian Panjals, and have shown, 
0 I have mid, that the Kashmir silurians contain absolutely no limestone. 1 



Jfl l of my above-quoted paper, the Kiol series is compared to the Kuling 
p udneralogioal composition ; the latter group is there by an accident stated to be 
of carboniferous age ; the similarity in composition of the two series adds 
Elliott to® probability of the carboniferous age of the former; in line H of page 
ahme memoir the word Zilang should be substituted for KuUno. 
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The assumption of the carboniferous age of the Kiol group leads to another 
modification of the views expressed in my previous memoir. It Was there 
suggested that the great limestone inliers of the Jamfi hills were the equivalent 
of the carboniferous limestone of Kashmir, and were consequently distinct from 
the Kiol and Krol groups. 

I now, however, think it probable that the three groups belong to the same 
period ; the greater prevalence of pure massive limestone in the Jamfi hills 
than along the foot of the Pir Panjal is not greater than in the carboniferous rocks 
of the valley of Kashmir, over those of Eishmakam ; while in one portion of 
the Kiol series, to, the north of P finch, the strata are almost entirely limestone. 

The above propositions being accepted, it will be evident that the Blini series 
is represented in the upper part of the Panjal series, below the Kiol group. 

According to the above views, the following table will represent the equi- 
valent rock-groups in the Simla and Kashmir Himalaya. I wish it, however, 
to be most distinctly understood that, although the relationships inter se of the 
various rock-groups in the two areas are, with a few exceptions, pretty accurately 
determined, yet that the correlations of those qi one area with* those of the other 
can only be viewed in the light of a probable hypothesis, and not as a fixed fact. 

k Approximate classification of rock -groups in the Western Himalayas , 

Kashmir Territories and Laiii5l. East of Kashmir. * Aoe. 


(Sandstones and slates of Zoji-la and' 
a | Panjtarni. 

/-Upper limestones and dolomites of - Lilang series. 
h '< Amruath, Sunamarg, Manasbal and 
C Dras river. , 


> Rliffitic and trias. 


Limestones of West Kashmir. 

Blue limestones of Manasbal. 
Limestones <md slates of Mnrbal 
pass, Lidar and Upper Sind valleys. 
Kiol series (?). 

Great limestone of Jamu bills (?): 4 


Ruling series. 


k Carbon if jrous. 


Krol limestone (?). 
infra - K rol group (?). 

Upper Panjal slates, shales and trap-'vMath series. 

poid rocks. I 

Trappoid rocks of Wafer lake. ) Blini serieB. 


[ Upper Silurian. 


Lower Panjal slates ; lower slates^ ' 'N 

and trappoid roeks of Kashmir. f Bbabeb series. ( 

Slates and limestones of Pangif tn/ra- Blini, or Simla slates f 
Lnhtil slates. ) J 

Gneiss of Hr Panjal. 

Upper gneiss of Wardwan and( 

Zanskar range. 

Kfilfi gneiss. 

Central gneiss of Darcba 
bower gneiss of Wardwan 

Zanskar range, 

Dlmolndhar gneiss. 


Lower silnrnin and Cam* 
brian (p). ■ 


i and/ 


j 


^Cambrian. 


flneii. of Choi- moQntain W**®"** «•* 

( age not determined. 



84 Records of the Geological Survey of India . [voii. X*, 

' ''It' Will be seen that in this rough and approximate table a gap occurs in the 
second column between the lower slates and the “ central gneiss,” which cannot 
be filled up until the relations of the two in the matter of conformity or uncon- 
formity are settled; if they are unconformable, and the “central gneiss ” is 
older than the Pir Panjal gneiss, it may then not be improbable that some part 
of the Simla slates may be the equivalent of the Pir Panjal gneiss. 

Since the above was written I have seen the able paper of Colonel McMahon 
on the Simla Himalayas . 1 The author is there of opinion that the Simla slates 
and other non-crystalline series are certainly newer than the crystalline series ; h© 
also thinks that the hypothesis of inversion will not explain the case, but that 
there was an original unconformity between the two series; the slates having 
been deposited on a denuded surface of gneiss. In the Pir Panjal and in Pangi, 
I think the latter explanation cannot be adopted, as there is a passage between 
the crystalline and non-crystalline series. If original unconformity exists in’ 
the Simla region, it would tend to confirm my suggestion that there exists gneiss 
belonging to two periods in these regions ; the Simla or “ central” gneiss being 
older and unconformable to the elates, while the gneiss of the Pir Panjal is con- 
formable to the slates, and has been metamorphosed out of their lower beds, and 
may consequently be in part the equivalent of the lower Simla slates. 

It will require andther season’s work to trace the relations of the triassic 
rocks of the Zoji-la to the gneiss of Suru and the Zanskar range, and also, as 
I have previously said, to trace the former rocks in the opposite dircction'into the 
Tilail or Kishenganga valley. 


Notices of Siwalik Mammals, by R. Lydekker, B.A., Geological Survey of India. 

The Indian Museum has again been enriched by a large collection of verte- 
brate fossil remains obtained from the Siwalik series of Sind and the Punjab, 
by Messrs. Blanford, Pedden, and Theobald, and their native assistants. Many 
of these fossils are, of course, merely duplicates of previously acquired specimens, 
while others belong either to new genera or species, or illustrate more fully other 
species whose existence has hitherto been only slightly indicated to us by the 
evidence of a few fragments of bone, or isolated teeth. 

In the present paper I shajl^shortly notice a considerable number of the more 
interesting of these specimens, reserving for a future opportunity the figuring, 
and more detailed description, of the specimens, in the hope that I may then have 
still more materials to work upon. 

Before proceeding further, it may be well to notice certain conclusions which I 
hare lately arrived at respecting the distribution in time of some of the fossils. 

It may, I think, be now stated with considerable probability, that, as I have 
hinted before, the mammaliferous beds of Sind belong to a somewhat lower 
hoxhson than that which yields the majority of the fossils in other areas. These 
Sind beds (Manchhar) overlie ,the Gaj beds, which seem to be 
niloeene, and cannot therefore be much older than the lower pliocene, or 


1 ficc. GeoL Surv. Ind., Vol. X, p 204. 
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the very highest of the miocene. Their mammalian fauna is nearest to that of 
the miocene of Europe, and does not contain, as far" {is we know, any of the 
modern forms which occur in the Siwalikfc of the Punjab,. wlijch may probably 
be considered to be higher up in the older pliocene. The occurrence of a large 
number of mammalian genera which are confined to the miocene in Europe, 
in the pliocene of India, is paralleled by what occurs according to Professor 
Marsh in North America, where European miocene mammals occur in the older 
pliocene. 1 

The mammalian tertiary fauna of Sind is characterized mosl especially by 
the presence of great numbers of both bunodont and selenodont pig-like animals, 
the majority of which are, however, unfortunately only known to ns (with the 
exception of those genera which also occur in Europe) by isolated tectli. 

These same Siwalik or Manclihar beds also contain the remains of Dinot her item 
in considerable abundance; in India this genus is elsewhere known only from 
Kach, K.usbalghar, and Pcrim Island, from beds which are probably low in the 
Siwalik series. In the Sind area Mastodon and II ij 'put/ter rum are common, and 
two teeth of the miocene genus A mplunjon have also been found there. 

Of the modern and existing genera hJwlephas, Etjwis, Bos, Bulfaltis, Capra, 
and Hippopotamus, which are so characteristic of the typical upper Si waliks, J am 
not aware that any remains have been obtained from the Manehliar beds. The 
only two living genera of Mammals of which we have clear evidence as occurring 
iu these beds are Rhinoceros and tins, both of which have existed since the miocene 
epoch. 

From the still older marine (iaj beds, Mr. Fedclen has this year obtained a 
part of a skull and three upper molars of Rhinoceros siralensis ; the specimen 
was obtained at a considerable distance below the Manclihar horizon, but. its 
precise position, Mr. Fcdden tells me, could not, be defined, owing to the irregu- 
larity of the thickness of the beds in different localities and the absence oi 
the Mauchhars at this spot. This Rhinoceros is thus proved to have been one oi 
the earliest of the Siwalik Mammals, having lived in the Gaj period. * 

In the Si waliks of the Punjab Mr. Theobald seems to have proved pretty 
clearly from the sections sent down with the ‘fossils, that in this region the 
greater number of extinct genera do occur in the lower bods of the scries, while 
tlie greater number of living genera occur higher up; this idea cannot, however, 
be thoroughly worked out, owing to the fact that the fossils occurring in one bed 
are washed out, arid mingled with those from another. T imagine that this 
confusion is especially the case with the very few fossils which occur below 
the great fossiliferous zone, as they are generally picked up by native collectors and 
mixed with those from other zones. The lower beds, like tbnso of Nurpnr and 
Kushalghar from which A mjductfon and Diuollieriiiw have been obtained, are 
very probably tlio equivalents of the Mauchhars. 

Hitherto all, or pearly all, the Siwalik fossils seem to have been found as 
isolated bones ; during the past season, however, Mr. Theobald has discovered a 
bed at Niki in the Punjab, wherein vast number of associated bones of many 

1 Address to American Science Institution, New-IIaven, 1877, p. 24. 
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Bpecies are found mixed pell-mell together ; and which probably indicates an old 
quicksand in which the Siwalik animals were engnlphed. 

From this deposit I hope that many valuable specimens will yet be 
obtained, which will throw more light on the affinity of some of the less 
known Siwalik animals than can be obtained from the study of a few isolated 
bones or teeth. The bed has already yielded many specimens, among which I 
may notice the complete cranium of a gigantic pig, part of the cranium with 
milk dentition of the new trilophodont Mastodon and several associated sets 
of foot bones. Among the latter is a nearly perfect foot of Hippotherium , which 
shews us that the Asiatic species of the genus had precisely the same conforma- 
tion as the European forms. 

I will now mention the most important and interesting of the specimens 
obtained during the past year ; in the course of these notices I shall have to 
mention several re-determinations of previously noticed specimens ; these re-deter- 
minations have either become necessary owing to the discovery of more perfect 
specimens or owing to the errors of previous determinations. 

These re-determinations, though of course to be regretted, are almost unavoid- 
able in determining such isolated specimens as are the majority of the fossils from 
the Siwaliks, and are also made more frequent in the present instance, owing to the 
extremely unsatisfactory state of the previous literature referring to Siwalik 
Mammalia. 

1 may also here mention that Mr. Theobald has collected several bones of 
Siwalik Birds, and a considerable number of the remains of Reptiles; these, 
however, will not be further noticed at present, as I have not yet had an oppor- 
tunity of studying these in any detail. 

PRIMATES. 

Genus: Macacos. 

• 

Remains of quadrumanous Mammals have been long known from the Siwaliks, 
and indeed the specimens obtained from those rocks were the first known fossils 
belonging to the order. These remains, however, are of extremely rare occur- 
rence, the known specimens only numbering some five or six ; up to the present 
time, no specimens of the remains of this order have been obtained among the 
many hundreds of specimens which Mr. Theobald has forwarded from the Siwaliks 
of the Punjab to the Indian Museum. In December last, however, two 
specimens of the upper jaw of a small monkey were received at the Indian 
Museum from Mr. Theobald, which had been obtained from the Siwaliks of the 
village of Asnot, in the Punjab, and which form the subject of the present notice. 

Before describing the new specimens, it may be well to consider for a moment 
the remains of Monkeys which have been previously obtained from the Siwaliks ; 
the memoirs on the specimens will be found collected in the first volume of v the 
u Paleontological Memoirs,” accompanied by a plate. 

The .first specimen discovered was a part c ft the right maxilla with the molar 
sexi$*« Brspeaking of the specimen the discoverers (Messrs. Baker and Durand) 
con&lliite by observing : “ This circumstance and the differences before pointed out, 
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clearly separate the fossil from the species belonging to the genera Oynocephalus or 
SemnopibHeeus — (“ Paleontological Memoirs,” Vol. I, p. 299.) The authors seem 
here clearly to have considered that the species could not belong to Semnoptthems, 
and not to have assigned it to any genus. The next notice of the specimen occurs 
at page 7 of Professor Owen’s “ British Fossil Mammals and Birds,” where the 
following passage occurs : “All these remains were entirely fossilised, and they 
satisfactorily confirmed the conclusions of Lieutenants Baker and Durand, that a 
large species of Serrmopithecus had co-existed with the Sivatherium. and the Hippopo- 
tamus” Now, as we have seen, the authors in question, if I understand them 
aright, expressly stated the distinctness, in their opinion, of the species from 
Sewmopithecus. 

Apparently from this statement of Prof. Owen, H. von Meyer in the “ Index 
Palasontologicus” (Nomenclature, Vol. II, p. 1133) refers to this specimen un- 
hesitatingly under the genus Semnopitliecus , and there gives it the name of 
S. subhimalayanus. 

In his “ Osteographie” (Primates, p. 60) M. de Blainville refers to the speci- 
men, and thinks (if indeed it belong to a Monkey at all) that it is more nearly 
allied to Macacus , and, above all, to Cynocephalus, from both of which genera the 
original describers thought that it was generically distinct, although they observe 
that “ were it not for the size of the canine and the fifth molar, it presents some 
resemblance to the genus Macacus” 

From the above it seems to be clear that the specimen in question has no 
right to the generic title of Semnopithecvs, though I do not mean to say that it 
may not belong to it. When the specimen is alluded to under that name, it must 
be distinctly understood that this is only done as a matter of convenience, and 
because it has so frequently been referred to under that name. 

The next specimen was an astragalus discovered and described by Messrs. 
Falconer and (Jautley, who remark (“ Pal ©ontological Memoirs,” Vol. I, p. 300) : 
“ It (the specimen) corresponds exactly in size with the astragalus of th etilemnopi- 
thecus entelhis” and again: “This astragalus, in conjunction with Messrs. Baker 
and Durand’s specimen, satisfied us of the existence of at least two distinct fossil 
Quadrnmana in the Siwalik hills.” 

In the same Memoir these authors also treat of two other specimens which 
were, both fragments of lower jaws containing teeth; one of these jaws was 
larger than that of S. enbellus , and belonged, according to Falconer, to 
“ a species of smaller size than the animal to which the specimen described by 
Messrs. Baker and Durand ” belonged ; there is no direct statement of the genus of 
the specimen, though I infer that the authors inclined to think it belonged to 
Semnopithecus. It appears to me to be not improbable that this specimen and the 
above-mentioned Astragalus may have belonged to the same species. 

The other specimen of a lower jaw belonged to an animal intermediate in 
size between Semnopithecus entellus and Macacus rhesus ; this specimen the authors 
thought probably belonged to the genus Macacus (Pithecus) ; an additional 
specimen of the lower jaw of. the satne species was also obtained. 

There are therefore three Siwalik species of Monkeys known from the evidence 
of molar teeth, vie., a large species specifically named subhimalayanus, and which 




is often noticed as a Semnopithecus, an intermediate species probably belonging 
t.o that genus ; and a small species probably belonging to Macacus. There seems 
also to be evidence of another species known from a single upper canine, but this 
does not concern us at present. 

We may now return to Mr. Theobald’s specimens; the first of these consists 
of a portion of the right maxilla, containing the three true molars and the 
alveoli of the two premolars; the two first molars are slightly touched by 
wear, while the last (“ wisdom tooth ”) is still in germ, being very late in its time 
of protrusion. The crowns of the teeth are oblong in shape, and bear on their 
masticating surfaces four cones placed at the angles of this surface ; at either end 
there is a slight transverse talon-ridge. The first molar is smaller than the 
second, and the third nearly equals the first, and is somewhat narrowed 
posteriorly. 

The second specimen is an almost similar portion of the left maxilla of a 
somewhat older, though similarly sized, animal; it shews the anterior root of the 
zygomatic arch, the last true molar, and the alveoli and fangs of the last pre- 
molar and two first molars ; each of these teeth was inserted by three fangs. 
The last tooth of this specimen is exactly like the same tooth of* the previous 
specimen, and shews that both specimens belonged to the same species. The 
anterior root of the zygoma is placed immediately above the interval between the 
alveoli of the first and second molars. In the following table the dimensions of 
the first of Mr. Theobald's specimens are given in the first column (a), the 
corresponding dimensions of Macttcu* (Jmmuf) rlwsns in the second column (7>), 
and those of Semnoj' tilt reus eutellus in the third column (r) : — 


a. o. c. 

Length of three molars . . . . . 0 75 0*S6 1*0 

„ first molar . . . . . 0 20 0*20 0 32 

Width of 0-22 0 28 0-30 

Length of second „ . . . 0*29 0\3f 0’35 

Width of . 0 28 0-30 0-30 

Length of tliivd ...... 0'26 029 0’35 

Width of 0-23 0-28 0 35 

We have now to consider the question of the genus of the fossil specimens, 
which we shall find a by no means easy problem, as the teeth of allied genera of 
Monkeys are so excessively alike one another. Firstly , we may say that, from 
their squared crowns, the teeth in question do not belong to the genus Hylobates, 
in which the molars have rounded angles ; secondly , that they do not belong to 
Gynocephalus, on account of their small size, and from the last molar being nar- 
rowed posteriorly, whereas it is of equal width throughout in the latter genus ; 
thirdly , that they do not belong to the genus Mesojpithecus 1 from the upper 


miocene of Attica, since the penultimate upper molar of that genus has an ac- 
cessory tubercle on its external surface, which is wanting in Mr. Theobald’s speci- 
mens ; and, fourthly, that they resemble the 'teeth of Oercopithecus , Semnopiihecus , 
and (including sub-genera) so closely that they must belong to one of 

thes^^|hi^' (genera. 


Gaodrv : “ Animaux Fossiles del’Attlque,” pi. I, .figs. 0, 7. 
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Tlie next question, therefore, is to find some character which distinguishes the 
molars of the three last-named genera. Now, if we turn to page 442 of Owen’s 
“ Odontography,” wo shall find that in treating of the molars of the mandrils, the 
author observes that the true molars “ progressively increase in size from the first 
to the third;” and on the next page, that “ the smaller Baboons, of the genus 
Macacns, repeat on a smaller scale the dental characters of the mandrils.” Now, 
with all due deference to the author of the valuable work under notice, it does not 
appear to me that the characters given above are always characteristic of the genus 
Macacns, because if we refer to the table of measurements given above (and 
several specimens have been compared), we shall find that in M. rhesus the first 
molar is smaller than the second, which agrees with Professor Owen’s state- 
ment, but that the third is smaller than the second, which does not. 

In treating of Semnopi Uterus, Professor Owen remarks on page 443 that 
“ the first molar is equal to the second.” Now, in the table given above, it will be 
seen that in 8. entalbm the first molar is smaller than the second ; and in the 
figured specimen of the dentition of this genus given in figure 5, plate lib, of the 
” Odontography, ” the first molar is also somewhat smaller than the second. 

These characters do not-, therefore, seem to be of any great value as affording 
means of distinguishing between the genera in question. 

It does, however, appear that in 8em no pith ecus there is a tendency for the 
molars to be of more equal size than in Macacns , in which the first is always 
small and the second large ; thus in 8. phayrei and 8. siameusis the first and 
second molars are of equal lenglh; while in 8. n/tdlus and 8. cq that opt crus the 
second and third are of equal lenglh, and the first slightly smaller. T have seen 
no instance in the genus Hcunioplthecus in which in the same jaw the first molar 
is smaller than the second, and the second larger than the third. 

Tn the genus (J mop it, hems there appears to be great equality in the size of the 
upper molars; thus in C. subitum the three are of equal length; in 0* pinko the 
two first are equal, and the third slightly smaller; and indeed in all the specimens 
that 1 have seen the two first are of equal length. 

It is therefore apparent that the fossil specimens cannot belong to Cercopithe- 
cus ; and it is also apparent that in tbe relative length of the molars they 
do not agree with any species of Semnopithecns, but that they do agree with 
Macacns rhesus ; the* evidence then so far is, that the fossils belong to the latter 
genus. 

Now, with regard to the form of the teeth : in Semnopithecus and Macacns, 
the two first upper molars appear to me to be absolutely indistinguishable in the 
two genera : the last molar of Macacns , however, has the posterior talon-ridge 
forming a complete semicircle, which connects the two posterior cones of this 
tooth ; in the corresponding tooth of Semnopithecus, on the other hand, this talon- 
ridge starts from the postero-internal cone, and curves upwards and outwards, to 
the base of the outer side of the crown, its curve forming only a quarter in place 
of half a circle, and not being connected with the outer cone at all. The 
last molars of the fossil specimen^ agree with the last molar of Macacus* in this 
respect, and there seems, therefore, to be no doubt from this and the previous evi- 
dence that the specimens really belong to that genus. 
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Next, with regard to the question of species : the teeth are smaller than those 
of M. silenus, M. rhesus, and M. radiatus , and judging from the relative size of 
M. radiatus and M. pelops , the teeth of the latter would also be larger than those 
of the present specimens ; again, in M. rhesus and in all other living species of the 
genus which I have seen, the anterior root of the zygoma is placed always behind 
the interv ul between the first and second molars, whereas in the fossil specimens, 
this root s exactly over this interval. 

I have not oeen able to compare the fossil specimens with the teeth of other 
living species of Macacus ; but as the former differ from the Indian species of 
the genus, and as all known Siwalik species of Mammals are extinct, the presump- 
tion is that the present specimens also belong to an extinct species. 

Turning now to the fossil species of Macacus , we find that the following have 
been described ; the small lower jaws described by Falconer from the Siwaliks 
and referred to above ; a lower jaw from the London clay described by Professor 
Owen under the name of Macacus eocenm ; 1 a portion of an upper jaw from 
the newer pliocene of Grays described by Professor Owen as M. pliocenus ; * 
and a lower jaw from the pliocene of Montpellier described by Professor Gervais 
under the name of M. priscus. 3 

The small lower jaws from the Siwaliks described by Falconer belonged to an 
animal larger than M. rhe^is, while Mr. Theobald’s specimens belonged to an 
animal smaller than M. rhesus ; now, since Falconer obtained two specimens of 
the lower jaw which agreed exactly in size, and since Mr. Theobald has also 
obtained two specimens of the smaller upper jaw, which also agree exactly in size, 
it seems to be probable that the latter belong to a different species from the for- 
mer. The jaw on which Macacus eocenns of Owen was founded has been sub- 
sequently referred to Hyracotherium* 

Both M. plioemus and M. priscus are too large to have belonged to so small an 
animal as that to which Mr. Theobald’s specimens belonged. 

It is therefore clear that the latter teeth do not belong to any named fossil 
species, and there is every probability that they do not belong to any living 
species : this being so, I shall propose to call the species M. sivalensis. 

PROBOSCIDIA. 

Genus: Mastodon. 

1 have already said in the Introduction that an adolescent cranium of the new 
Siwalik Trilophodont Mastodon 5 has been found in the Potwar ; this cranium 
contains the two last upper milk-molars and the first true molar ; a detached second 
upper true molar of the same species has also been obtained from the Siwaliks ; 
and several detached teeth from Sind. These specimens appear to prove the 
specific distinctness of Mastodon falconeri. 


ft'dEML' Foss. Mam. and Birds, p. 1. 3 Ztologie et Pal&mtologie Francises, p. 11. 

;\? d&p* citn hit, p. zlvi. 4 Nicholson's Palaeontology, p. 466* 

5 Rec. Geol. Surv. India, Vol. X, p. 83. 
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Mastodon perimensis, Falc. 

This species of Indian Mastodon has hitherto only been known from the mam- 
maliferous beds of Perim Island in the Gulf of Cambay.' Among the specimens 
of Mastodon teeth in Mr. Theobald’s Siwalik collection from the Punj&b there is 
one complete lower jaw, and several detached molars which must be referred to this 
species and which prove its range into that region. The molars of M. perimensis 
are at once distinguished from those of M. latidens by the transverse valleys being 
greatly blocked by tubercles, by the ridges being higher, and by there being a 
slight alternation in the arrangement of the inner and outer columns of the latter* 
The same teeth are distinguished from those of M. sivalensis by the number of 
ridges being less, and by the ridges being less alternately disposed, and the 
valleys being in consequence more nearly transverse. Among Mr. Theobald’s 
specimens are a first and a second upper true molar which are more complete than 
any specimens represented in the “ Fauna Antiqua Sivalensis of one of these 
specimens I shall hope to give a figure on a future occasion. 

Some fragmentary Mastodon molars from Sind collected by Mr. Blanford, 
belong, I think, to this species. 

The lower jaw belonged to a completely adult animal, and contains the two 
ultimate molars ; the first of these teeth is imperfect ; the second is, however, com- 
plete, and contains five transverse ridges and a talon, according to the normal 
tetralophodont formula. 

This jaw agrees with the lower jaws of other Mastodons and differs from those 
of elephants, in that the summit of the coronoid process extends upwards as high 
as the condyle ; the coronoid and condyle are, however, more closely approximated 
than in other species of the genus. The inferior and posterior borders of the 
jaw are nearly at right angles to each other, the angle being rounded off. 

The symphysis of the mandible is produced into an elongated spout, extend- 
ing more than a foot in advance of the first molar; the symphysis is three 
inches longer than the last molar. This specimen does not exhibit an f traces of 
incisors ; but another specimen of the symphysis of the same species, also col- 
lected by Mr. Theobald, shews a small cavity on the left side of the extremity, 
which is quite likely to be a semi-obliterated dental alveolus. It is therefore 
quite possible that this species with a spatulate mandible may have been furnished 
with incisors, which were shed before the animal became adult. If this be so, 
the species would agree in character with the European Mastodon longirostris , 
which also has a spatulate mandible and lower incisors. 

The most important measurements of this specimen are as follows 


Length from hinder border of last molar to distal extremity of symphysis . 29*0 

„ „ anterior border of penultimate molar to „ „ . 18*5 

„ of last molar . . » . . . . 10*7 

Interval between condyle and coronoid process • . . .5*0 


Mastodon latidens . 

In this species, I have lately discovered that the last milk-molar "of the upper 
jaw was displaced vertically by a simpler premolar, which was not previously 


1 Falconer’s Palaeontological Memoirs, Vol. II, p. 15, 
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known to liave been the case. Hie specimen from which this interesting dis- 
covery was made consists of a portion of a left maxilla containing a single tooth 
in use which carries four ridges and which measures 3f inches in length. 
Above the base of this tooth the broken jaw shews a complete germ of a pre- 
molar, which I have removed from its matrix : the germ is oval in shape, and 
carries only two ridges, and fore-and-aft talons. Since the larger tooth is situated 
below a preraolar, it is clear that the former is a milk-molar, and since it carries 
four ridges, that it is the last or third tooth of that series. 1 cannot, of course* 
say whether the penultimate in ilk- molar of M. latidens was succeeded by a pre- 
molar, but not unprobably such was also the case. 

Genus: Stegouon. 

Stfifjodon cliftiL 

This species was originally named upon the evidence of teetlf obtained solely 
from Ava and Burma, and I cannot find more than oue recorded instance of 
its having been obtained beyond those Countries. This instance occurs in the 
catalogue of the fossil vertebrata of the Asiatic Society of Bengal, 1 where a. 
portion of a mandible of $. cliftiL (No. ~) is stated to have been obtained from the 
Si wali ks. In the table of the species of Mastodon and Elephant given on page 14 
of the second volume of the “ PaLeontological Memoirs,” the distribution of this 
species, like that of Mastodon latidms, is given as “Southern India and A va 
now, the latter species is well known as occurring in the Siwaliks, and “ Southern 
India” may be a misprint for Siwaliks ; on the other hand, Southern India is 
given as the locality of M. pmuUonis which was obtained from the Deccan, and it 
is possible that M. latidms and 8. ediftti have also been obtained from the Deccan: 
if so, however, all record of this has been lost ; on this supposition the word 
“ Siwaliks ” is omitted from the distribution of M, latulms. All the specimens of 
8. cViftii figured in the “ Fauna Antiqua Sivalcnsis ” of which the locality is given, . 
were obtained from Ava and Burma, and therefore the only recorded instance of 
the species occurring in the Siwaliks is the above-mentioned lower jaw. 

The distribution of this species being so uncertain, it is a mutter of some in- 
terest that I am now able to state clearly that the species does occur in the 
Siwaliks. I am not aware that any specimens of Htcgodoti cl if Hi have hitherfo 
been recorded as having been found in the Sub-Himalayan Siwaliks. 

Two specimens of molars of a Stegodon sent by Mr. Theobald seem undoubtedly 
to belong to this species : the first specimen is a portion of the (probably) first upper 
true molar; it carries five complete transverse ridges, a sixth having been broken 
away. In the number of ridges the tooth agrees with the first molar of 8. cliflii ; 
it differs from the corresponding tooth of 8. insignis by having six, in place of 
seven ridges, and by being wider; and by the more open valleys : it is also much 
wider, and the valleys are more open than in the tooth which 1 refer below to 
jS.‘ bombifrons , though that tooth also contains six ridges. The second specimen 
is a right ramus of the mandible containing the ultimate true molar : this tooth 
in general character with the corresponfiiiig tooth of S. cliflii represented 

* Palaeontological Memoirs, Vol. I, p. 113, — Cat. Poes, Vert. Mus. A. S. It, p. 76. 
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in fig* 5, Plato XXX, of tlie “ Fauna Antiqua Sivalensis ; ” the latter, however, 
carries eight, in place of seven ridges, the number of ridges frequently varying 
by one or more in this tooth. The last lower molar of 8. insignia carries from 
11 to 13 ridges, and that of $. bombifrons 9 ridges ; the latter tooth is further 
distinguished fr$fn the last lower molar of 8. cliftii by carrying a large number 
of cusps on the ridges, whereas there are only four or five on the last lower molar 
of 8, cliftii . The ridge formula of the true molars of $. cliftii will therefore 
now be as follows : — 

6+ 6+8 _ 

6 + 6 + (7-8) 

Stegodon bombifrons and S. sinensis . 

A considerable number of molar teeth of other species of Stegodon have lately 
been collected by Mr. Theobald, among which there are some which call for a 
short notice here ; most of these teeth belong to the “ intermediate molars/ 7 It 
may be well to state here that the whole of the ridge formula of the molars of 
8. insignia has been determined by Dr. Falconer (“ Palaeontological M emoirs,’ * 
Vol. II, p. 86) and is as follows : — 

Milk-molars. Molars. 

2 + (5-6) + 7 7 + 8 + (10— 11) 

2 + 5 + 7 7 + (8-9) + (11- 13) 1 

The ridge formula of 8. ganesa is considered by Falconer to be the same : 
the whole ridge-formula of 8. bombifrons is not known, but it will be gathered 
from the figures in the F. A. S. that it is lower, than in S. insignis ; the third 
milk-molar has six ridges. (F. A. S., PI. XXIX A, fig. 1.) Of Stegodon cliftii !_ 
the ridge-formula of the anterior teeth is not known ; the two first true molars, 
however, carry each six ridges, and I have already given their formula. 

Having premised this much, our comparisons will be the more easily made. 
The first among Mr. Theobald’s specimens to which I wish to call attention is a 
portion of a maxilla, containing the last milk-molar, and the first true molar, 
the latter tooth I shall often refer to ns a; the former tooth appears to have carried 
six ridges, but is much worn ; the latter carries six ridges, and fore-and-aft talons, 
the former joining the first true ridge in the middle ; there is a slight tendency 
to a median division in the ridges, especially the anterior ones ; each ridge carries 
fourteen or fifteen tubercles, and the four last ridges are much curved. The 


dimension of these teeth are as follows : — 

Length of third milk>raolar . . . . . 4’1 

Width of „ ..... 2*8 

Length' of first true molar . . . . . o‘9 

Width of „ . . .30 

Interval between 3rd and 4th ridges of first true molar . . 1*0 


Now, it is quite clear, from the number of ridges carried by the first true molar, 
that these teeth cannot belong to 8. insignis or 8 . ganesa; the first molar agrees 
with the homologous tooth of 8 . clifti % in carrying side ridges, but differs in form 

* The ridges of milk-molar 2 are given as 5, in the specimen represented in F. A. S., PI. XIX, 

1 * - - K 
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and relative size. The dimensions of the first upper true molar of 8. cliftii 
represented in figure 2 of Plate XXX of the F. A. S. are as follows : 

Length . . . . . . . .6*1 

Width * . 8 8 

Interval between 3rd and 4th ridges . . . . 1*2 

The new tooth is, therefore, relatively narrower, and is further distinguished 
by having a large hind talon which is wanting in S. cliftii. Of Falconer’s species 
of Stegodon there therefore only remains S. bombifrons to which our specimens can 
belong; as the third molar of this species has six ridges, the first true molar 
shofild also have six ridges, and at first I thought of referring the teeth under 
discussion to S. bombifrons had it not been for certain reasons to be immediately 
noticed. 

The tru$ molar in this jaw agrees with the second milk-molar of a Stegodon 
from China, referred by Profossor Owen 1 to a new Rpecies under the name of 
fif. sinensis, in the following characters ; both these teeth have # curved transverse 
ridges, which carry from fourteen to fifteen tubercles, and have a slight median 
division of the ridges. In both teeth there is an imperfect ridge at the anterior 
end, which joins the raiddlo of the first complete ridge : this imperfect ridge I 
consider to be only a talon, though Professor Owen regards it as the first truo 
ridge. From a comparison of the Chinese and Siwalik specimens, I have not the 
Slightest doubt but that they belong to the same species; the length of the 
Chinese second milk-molar is 2*9 inches and its width 2*0 inches : dimensions 
which would well correspond .to those of the tooth which should precede the third 
milk-molar in the Siwalik specimen. 

We have now to consider another first upper molar of a Stegodon from the 
Punjab which I will designate as b ; this tooth carries only six ridges, and cannot 
therefore belong to S. msignis or S. ganesa. These ridges are very closely 
approximated and run straight across the tooth ; thore is a large hind talon. The 
length of this tooth is 4*9 inches, its width 2*9 inches, and the distance between 
the third and fourth ridges 0*8, inch. From these dimensions it will be quite 
apparent that this tooth is not the first true molar of S. cliftiiy nor of the Chinese 
species. It at one time occurred to me that this tooth might be the third milk- 
molar of 8. cliftii, but the approximation of the ridges is against that view. 
Again, the length of the worn third milk-molar of that species represented in 
figure 1 of Plate XXX of the F. A. S. is only 3*3 inches and its width 2 inches ; it 
is therefore clear that tooth b does not belong to S. cliftii . 

Now, with regard to 8. bombifrons , tooth b agrees with the hinder molars of 
that species, in having broad and blunt ridges, (“ Palaeontological Memoirs,” Vol. I, 
p. 81,) in having a hind talon, and having fewer ridges than the first molar of 
8. insignis. There is, therefore, every presumption of this tooth being the first 
true molar of $. bombifrow. 

, This being so, the filsfc molar a and the Chinese tooth cannot belong to & 

, j bcmfiiftpmy md since they do not belong to a$y other of Falconer’s Siwalik species, 
j 'retain for these Owen’s name of 8. sinmsis. 

1 Quar, Journ. Geol. Soc. Loud., Vol. XXVI. p. 417, pi. 27. 
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One other tooth remains to be mentioned ; this specimen is a small upper molar 
of a Stegodon , wliich from its carrying four ridges only, and from its size, must be 
a second milk-molar ; the length of this tooth is 22 inches, and its width 1’ 4 inch. 
It cannot belong to S. imignis and 8. ganesa, since the second milk-molar of those 
species has five or six ridges (F. A. S., Plate XIX, fig. 1) ; neither can it belong 
to 8. sinensis , since . it is much smaller than the homologous tooth of that species 
figured by Professor Owen, and differs from that specimen in having no anterior 
talon, and in having straight ridges. 

It may belong to 8. cliftii or 8. bombifrons; if it belong to the former, it con- 
clusively proves that tooth b cannot be the third milk-molar of that species, 
as the latter would be far too large to have immediately followed it. If this 
second milk-molar belong to S. bombifrons , as I think probable, it most con- 
clusively proves that the homologous Chinese tooth cannot belong to that species. 

The inference from the above would be that there existed a fifth species of 
Stegodon in the Siwaliks, which is the same as S. sinensis of Owen; and also that 
both that species and S. bombifrons had a low ridge formula, which shews that 
they are closely connected with the Mastodons and 8. cliftii. Professor Owen at 
page 420 of his notice of the Chinese Stegodon suggests that the two imperfect 
hinder molars, represented in figures 5 and 6 of Plate XXIX A of the F. A. S., 
which were , considered latterly by Falconer to differ from the named species, 
belong also to 8. sinensis. The discovery of a tooth in the Siwaliks, which 
corresponds with tho Chinese specimen of that species, confirms that suggestion; 
I shall hope on a subsequent occasion to be able to present fuller details of the 
dentition of S. bombifrons and S. sinensis. 

Genus: Dinotherium. 

Of this genus Mr. Blanford has obtained from Sind a very beautiful specimen 
of ft ramus of the mandible, containing the four last teeth in perfect preservation ; 
several detached teeth have also been obtained from Sind, as well a single 
milk-molar from Kushalghar. All the specimens seem to belong to D. pentapotamiee ; 
the small size of the new specimen of the mandible quite confirms the distinctness 
of the latter species from D. indicum. 

With the addition of the above-mentioned species, two of which are new to 
the- Sub-Himalayan Siwaliks, the Proboscidian Fauna* of the Siwaliks of the 
Western Punjab is the largest yet known in any one area ; it comprehends the 
following species, all of which are represented in the collection of the Indian 
Museum 

Dmotherium pentapotamice, nobis. 

Mastodon ( Trilophodon ) falconer i> nobis. 

Mastodon ( Tetralophodon ) latidens , Clift. 

Mastodon ( Tetralophodon ) perimensis 9 Falconer. 

9 * Mastodon (Perdahphodon) sivalcnsis, Falconer. 

Stegodon cliftii* Falconer. 

Stegodon bombifrons , Falconer. 

Stegodon sinensis , Owen. * 
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Stegodon ins ignis, Falconer 
Laxodon plan if ran % Falconer. 

’Eueleplms hysudricus, Falconer. 

Stegodon ganesa may also not improbably occur in the Western Punjdb, bnt 
the teeth are ^distinguishable from these of S. insignia, and no cranium has been 
found. 

The distribution of the Indian fossil Proboscidia, as far as 1 can at present 
determine it, seems to be as iollows 


DlSTRIBT r TTON OF INDIAN FOSSIL PROBOSCIDIA. 

[The abbreviations of localities used in the tabic are ns follows : B, Bnrmnh. Rrwaliks of 
Debra Dun District. l)e , Deccan. C, Chinn J, Jamnn Valley. K. Knob. N. Nerbndda 
Valley. P., Western Pmijnb P. L, Perim Island 8 , bind. The following- refer to books : 
A. S. B., Falconers “Catalogue of Fossil Vertebra tn in Asiatic Society of Bengal.” F. A. S., 
“ Fauna Antiqua Sivalensis” P, M. f “ Palanmtological Memoirs.” II. G. S. I., “Records of 
Geological Survey of India ”] * 

Dinotherium indicum, P. I. 1 

Din other turn pentapotamue, K. ; P. ; S. 

Mastodon ( Trihphodon ) falconeri, P. ; S. 

Mastodon ( Trilopltodon ) pandionh , De. s 

Mastodon ( Tetralophodon ) laiidens , B. J ; D. ; P. ; P. T. 4 ; S.’ 

Mastodon ( Tetralophodon ) perimensis, P. ; P. I. ; S. (?). 

Mastodon ( Penbalophodon ) sivalcnsis, D. ; P. I. 

Stegodon cliftii, B. ; P. 

Stegodon bombifrons, D. ; P. 

Stegodon sinensis C. ; D. (?) ; P. 

Stegodon insign is, D. ; P. ; N 6 

Stegodon ganesa , D. ; N. 7 

Loxodon planifrons, D.; P. 

HJuelephas hysudriens, D. ; P. 

Euelephas noAnadicus , 8 N. ; J. 

In the table of Proboscidia given on page 14 of the “ Palaeontological Memoirs’’ 
certain species, such as M. latidern and S. cl if tit, are mentioned as occurring in 
“ Southern India,” au<J not in the Siwaliks ; this question has already been 
sufficiently discussed above. 

* F. A S. f pi. 3. < A. S. B., p. 206. • A. S. B , p. 316. 

* Pal. Mem., Vol. II, p 15. 6 A. S. B.,p. 256. ’ R. G. S. I., X. p. 31. 

■A. S, B., p. 11. 

•I am informed that during the paBt year Professor Leith- Adams, in the publications of the 
“ Palieontograpbical Society,” has endeavoured to prove the identity of the Nerbudda Elephant 
with JBf. emtiguus of the pliocene of Europe. 1 have not at present seen the Memoir in question, 
and therefore canno^ discuss the question fully. 1 may, however, observe that Dr. Falconer, who 
named the two species, considered them as distinct, but closely allied (Pal. Mem., Vol- 11# p. 108) ; 
Of the Mian species Dr. Falconer remarks {sup. cit. % p.<642) : “ It (Mlephaa namadteus) belongs 
Ifrfti into* gr<mp> MmUphiU, as the existing Indian Elephant, bnt it is broadly distinguished from 
1 that Ijfytyftie* and from all other known species by a very marked peculiarity in the form of the 
in Addition to dental and other characters/* 
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ARTIODACTYLA 

SUINA. 

Genus: H\otheru;m. 

A considerable number of detached molars of both bun od out and selonodoni 
pig-like animals have been obtained by Messrs. 13 bin ford and Fed den from Hind ; 
to some of these specimens i have already referred at pages 7G and 225 of the tenth 
volume of this publication. 

At page 7G of that volume T shortly described certain upper molar teeth which 
T then referred to Nan Minium schlaginhrcitii , thinking that they agreed in size 
with the lower molars of that species, and that from their form they could rot 
belong to any European genus; 1, however, pointed out their resemblance to the 
molars of Hyothonum (or O/uvndlterinm, as it is often called). 

1 now find that those teeth do really belong to Hyotherium ; the first specimens 
were distorted and crushed, and consequently were altered from their true form ; 
those specimens, moreover, w ere unusually small, and were both first molars : the last 
molars, which have now been obtained, shew that they are too large to liave 
belonged to 8. schlagintweifii. 

Some of the smaller of these upper molars are almost identical in form with 
certain teeth of IT. medium from the upper miocene of Weissenau, in the 
collection of tho Indian Museum ; they are, however, of larger size, and are there- 
fore probably distinct; if such be the ease, I shall propose to call tho Sind form 
IT, sind tense. 

It will be inferred from the above that the upper molars of 8cinitlierivm t are 
still unknown ; the name of that genus must also be removed from tho list 
of the tertiary Mammalia of Sind. 

Anthracotherium, Rhagatjolerium, and Chceromeryx. • 

The confusion caused by tho reference of teeth of two distinct genera to 
Ohceromeryx (Anthracotherium) silt tire ns is, has been so great, that it is somewhat 
difficult to recover from it. It will be remembered that at page 225 of the tenth 
volume of the “Records” I separated tho five-columned tooth, which had been 
referred to the above species, from the four-columned teeth which really belong to 
0. silisirensis ; and that, at the same time, I considered that the former might 
possibly belong to Rhagatherhm , though I was not certain of this (owing to tho 
fact that we have scarcely any specimens of European genera of extinct pig-liko 
animals in the Indian Museum for comparison). It has subsequently occurred to 
me that there is really no reason, as far as I can gather from their form, for 
separating the five-columned teeth in question from the genus Anthracotherimn, 
although they resemble in some points those of the closely Allied. Rhagatherwm ; 
and that consequently Pentland was really right in assigning the five-columned tooth 
from Sylhet to Anthracothermm, but that he was wrong in assigning also the 
four-columned teeth to the same genus and species ; subsequent authors, as I have 
said in my former notice; erred in referring the fure-columned tooth to Ohceromeryx, 
which genus was made expressly for tho four-columned teeth, 
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Considering, then, that there is really no reason for separating the five-columned 
teeth from Sind and Sylhot from the genus Anthracotherium , it will occur to the 
reader that at page 78 of the tenth volume of the “ Records ” T described finder the 
name of Anthracotherwm, pytijabicnie a lower jaw of a species of that genus obtained 
from the Siwaliks of the Punjab, and that I then remarked, 4 ‘ although these 
teeth belong to an animal of about tho same size as Ghtrromeryx, they cannot be 
referred to that genus, as they present no generic points of difference from the 
teeth of the European species of Anthracotherinm .” Now, since we have found 
that the upper five-cdl umnod teeth falsely referred to Ghcpromeryx really do belong 
to Anthracotherium , it will be pretty evident that as they agree in size with the 
lower molars assigned to A. punjabienie that they really belonged to the same 
species. 

Now, with regard to the specific names, it is pretty evident that Pentland, 
in giving the name of Anthracotherivni si list) onse to the Sjlhet teeth, relied upon 
the larger five-columned tooth, neglecting the distinct characters of the smaller 
four-columned teeth. It is also tolerably evident that Pomel, in making the new 
genus Ohfpromeryr, founded it on the evidence of the four-columned teeth, the original 
figure 1 of the five-columned tooth being indistinct, though a second figure given 
iu the “ Fauna Antiqua »Sivalem>is,” 2 and apparently copied from the original, 
is distinct. 

I therefore think that the name Anthraooi fieri ton sili\t reuse must apply to tho 
fivc-columned teeth from Sind and Sylhet and also to the lower jaw from the Punjab, 
and that consequently my two specific names of suuheiu>e and punjabieme must 
bo abandoned. 

With regard to the specific name of Ghcpromeryx , 1 cannot find in tho original 
notices that tho specific name of ulistren s/s* is coupled with this genus ; but sinco 
Ghcpromeryx is quoted as being equivalent to Anthracotherium silistrewse, it 
appears evident that the specific name was intended to apply to that genus, though 
that geflUs has really no right to it. One would therefore be at liborty to assign 
a new name to Ghmromenjx , but I think it best to continue to apply the name of 
' silistrensis to the species, irrespective of the question of the identity of the genus 
with Merycopotamns. 

The synonomy of Anthracotherium silistrense and Chcrromeryx silistrensis 
will therefore stand as follows : — 

A NTHSACOTHERi um bilibtrense — P ent, (excluding four-columned teeth). 

Syn. Anthracotherium pvnjahieme, Lyd, 

Rhagatherium (?) sindiense , Lyd. 

Ghceromeryx , Pomel, in parte. 

Chceromebyx silistrensis, Pomel (excluding five-columncd tooth), 

Syn. Anth racoth e r i v/m Bilistrensis, Pent., in parte. 

I regret the part which I have taken in adding to this confusion of names; 
but under the circumstances it was almost unavoidable until *1 discovered the 
( Ofijpftal errors in identification. * 

l 0eoL Soc. Loud., Ser. II, Vol. 11, pi. 45, figs. 4, 5. 


* m. 68, a g. 28. 
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Both the upper and lower teeth of Anthracotherium silistreuse are exceedingly 
like, both in size and form, to the teeth of an Anthracotheri mu from the brown-coal 
of Bonn (oligocene), described by Dr. Boettger under the name of -4. breviceps 
(Troschel, sp.) ;* tho lower molars of the Indian and European forms are 
identical in size, while tho Indian upper molar is rather larger than the 
European* If the two forms belong to one species (which I cannot decide with- 
out comparing tho specimens together), the specific name of mil inf reuse would 
stand, since this name was published by Pentland in 1829, while the specific 
name of brqviceps was given by Troschel in 1849.* 

Irrespective of the, at all events, closely allied European form, A)dl r arotherium 
sllidrenee had a very wide range in India, having been found in ftylhet, in the 
Punjab, and in Sind. I have already referred to tho possibility of the lower jaw 
of this species from the Punjab having been derived from a zone below that which 
produces the great majority of mammalian fossils; the occurrence ol the genus in 
the Sind Siwaliks agrees well with the general older types of mammalian genera 
which occur in that area; among these older genera, we may specially mention 
Ifyopotatnus and Hyotftetjvw, which in India have not hitherto been found beyond 
the Sind area, and which in Europe did not survive, as far as we yet know, beyond 
the lower mioccne period. 


MinncopoTAMUb-LiKU Animals. 

It will perhaps bo remembered that at page 78 of the previous volume of the 
“ Records ” 1 briefly noticed a single upper molar tooth of an extinct Si walik animal 
allied to Merycopotamu s, and which J thought belonged to a new genus. During 
the past season Mr. Ulan ford has obtained from the Siwaliks of Sind two more 
imperfect upper molars of the same species, and in addition a penultimate lower 
molar of an animal of this class, which in size agrees well with the upper 
molars, and which does not belong either to Mnytopotaums or llyopotamus ; 
I think it is, therefore, extremely probable that this lower molefc belonged 
to tho saum animal as tho above-mentioned upper molars. The lower molar 
is distinguished from the corresponding tooth of Mcnjcopotamus by having 
a lower crown, by the transverse valley being nearly blocked instead of freely 
open on tho inner side, by the worn dentine surfaces of the inner and outer 
columns being of nearly equal width, and by the dentine surface of the inner 
Column being equal to the w r liole length of that column, instead of occupying 
its summit only as in Mery copot am us. The form of the same dentine surfaces 
also distinguishes this tooth from that of 2 TyopotauiUs, in which, as is well shewn 
in Professor Owen’s figure on plate viii of the fourth volume of the “ Quarterly 
Journal of the Geological Society,” tho dentine surface of the outer column is 
large and wide, while that of the inner column only occupies the summit of the 
column, and not its whole length ; the inner column of the new tooth is flatter 
and less conical than in either Eyopotamus or Mery copot am us. 


* Bunker end ZittoPe Falaontographica, Vol. XXIV, p. 163* 

* Boettger, sup. tit. 
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* The entire distinctness of these upper and lower molars from those of any 
known genus confirm the conclusions previously arrived at as to the distinctness 
of the genus to which they belong, I propose to call the new genus Memimsryx. 

Besides the above-mentioned specimens, Messrs. Blanford and Fedden have 
also collected from the same formation several detached upper molar teeth, which 
belong to two other species of Met ycopotamoids , apparently generically distinct 
from any of the above, or from Ohcvromeryx. Both these types of teeth are of 
small size, the one is considerably larger than the other ; they belonged to animals 
intermediate between the bnnodont and selenodont suina ; both types carry four 
cones only on tho masticating surface ; one lower molar, probably belonging to 
the same species as the larger upper molars, has also been obtained- Mr. Fedden 
has also obtained from Rind the hinder half of a cranium of a Me ry copot amo id, 
which, 1 think, may probably have lx ‘longed to the same species as the larger of 
the molars h} question. Should further researches prove, as 1 think will bo 
tho case, the generic distinctness of these teeth, I shall propose the name of 
Swcvmeryx for the new genus. All the abovo specimens will ho subsequently 
figured. 

Of the Sind Hyopotawvs 1 the Indian Museum has received two imperfect 
specimens of tho last lower molar : these teeth agree very closely in character 
with the European If. bovtnii*; we have also received a portion of a lower jaw 
containing soctiorrs of the bases of the two last lower molars, which agree in 
form and size with the last-mentioned lower molars. The fragment agrees very 
closely with the eorrespo Tiding portion of the lower jaw of H. biwuiut figured 
in the above-mentioned paper of Professor Owen’s. The depth of the Sind jaw 
is 1*3 inch, and the length of the section of tho last molar 132 inch; these 
dimensions seem to bo identical with those of If bnnutus; the upper molars of 
tho Rind species are, however, less concave ,pn the external (dorsal) surfaces of 
tho outer columns than those of the European species. 

From the perusal of this and other papers hy myself on the same subject, it 
will bo gathered that the Rind Riwahks afford us evidence of the former exist- 
ence in that area of a \cry large assemblage of both bunodont and selenodont 
pig-liko animals; a group which is very sparingly represented in the typical 
Riwaliks, and of which Met ycopotamus seem to have been the last representative, 
the group having now entirely disappeared from tho living faunas of the globe. 

We cannot help having a feeling of regret that these interesting animals aro 
at present only known to us from tho evidence of isolatod teeth or of a few 
fragmentary crania and bones. The separation of the upper and lower teeth 
which generally happens in Siwalik fossils often renders it a matter of extreme 
difficulty to refer the upper and lower molars to their respective owners, as 
is exemplified in the caso of the above-mentioned teeth *f Uyotherium and 
Anthracotherhm. 

I am not sure whether Merycojpotaw us occurs in Sind or not, as the bones 
which I at first thought bWcfnged to that genus which havo been obtained by 
Hessra* Blanford and Redden may very probably belong to some of the allied 


1 Kec* Geol* Surv. India, Vel. X, p. 77. 
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genera. There are no unworn molars from Sind which I can refer to Meryco* 
potarrms, but it isf just possible that certain much-worn molars may really 
beldng to it. 


Genus: Sus. 

Of this genus two species, 8. giganteus and S. hysudricus , have already been 
named from the Siwaliks ; another species (Sus pusilhis) was made by Dr. Fal- 
coner from the lower jaw of Sanitherium schlagihtweitii . Among Mr. Theobald's 
Siwalik collection from the Punjab there are two fragments of mandibles of a 
species of Sus which are so small that they cannot possibly have belonged to 
Sus hysndricus , which is the smallest of the named species. The most perfect 
of the two specimens is a part of the left ramus of the mandible containing the 
three true molars of the permanent dentition, which prove that jho ‘specimen 
belonged to a fully adult animal. The teeth of the species of the genus Sus aro 
so like one another in form that it is generally impossible to tell one species from 
another by the teeth alone: except in the matter of size I cannot distinguish 
between the teeth of the small specimen and those of S . hysudricus , though the 
accessory tubercles in the outer valleys of the last molar seem to be somewhat* larger 
in the former. The discrepancy in the size of the present specimen and of the jaw 
of S. hysudricus is, however, so great, that on this evidence alone I have reforrod 
the two specimens in question to a new species, for which I propose the name of 
S. punjabiemu * ; the species is, I believe, the smallest of the genus. Below I 
have given the dimensions of the specimen, and have added for comparison the 
corresponding dimensions of the smallest specimen of the lower jaw of 8. 
hysudricus which is contained in the collection of the Indian Museum : — 

* 8. punjabientia. 8. hywdricUM. 


Length of three true molars 

. 

. 

. 

. 1*46 

2*35 

„ of last molar 



. 

. 0*61 

V19 

Width of „ „ 




. 0*38 

o-e* 

Length of penultimate molar . 


- 


. 0*49 

0-70 

Width of „ „ 



. 

. 0-35 

0*55 

Length of first molar . 




. 0*32 

0*50 

Width of ,, ,, . 


. 

. 

. 0*29 

0-45 

Depth of jaw at last molar 




. 0f>9 

170 


Sus giganteus , Falc. 

From the red and gray Siwalik sandstones of Niki in the Punjab, Mr. Theobald 
lias sent a very magnificent cranium of this species, which is the largest and 
most perfect yet obtained. The lower jaw is attached to the cranium, and the 
whole of the dental series is complete ; in fact, the only noticeable damage that 
the specimen has received is a certain amount of lateral squeezing. 

This cranium was obtained from the deposit which I have already referred to, 
in which were buried such a vast number of bones in a small area ; to the left 
side Of the cranium of the pig v^as attached a cranium of a young Mastodon , 
which was necessarily somewhat damaged in the extraction of the former, while 
between the rami of the mandible was firmly fixed the bead of a large Ungulate 
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humerus, and other bones were in close proximity. I merely mention these 
facts to shew the number of specimens buried in this one place. 

The cranium, except in the matter of its vastly superior size, seems scarcely 
to differ from that of the living Indian pig ; the profile of the fossil is, 
however, rather more concave. The following are the chief dimensions of the 
specimen 


Length from supra-occipiial to incisors 


Inches. 
. 23 00 

Interval between supra-occipital and angle of mandible . 


. 800 

Width above orbits ..... 


. 540 

Length of molar series • 


. 6*30 

,, of exposed portion of lower canine . 


. 250 

„ „ „ » incisors 


. 1*40 

Diameter of upper canine ..... 


. 1*25 

Depth of mandible at lust molar .... 

• 

. 3*80 

Width of symphysis of mandible .... 

• 

. 2*60 


In addition to the cranium, Mr. Theobald has also sent down the two 
median metacarpals of the left foot of a gigantic Sus, which doubtless belong to the 
same species, and very probably, since they are from the same locality, to the same 
individual ; they do not differ, except in size, from the metacarpals of the living 
pig. I give their dimensions in order that they may be compared with those of 
the latter ; in the second column are given the dimensions of an outer, metacarpal 
of tho smaller Siwalik Sus hysudricus : — 


• 

S. giganU 

S. hytui 

Length of outer metacarpal 

. 4*50 

310 

Width of distal extremity of outer metacarpal 

. 1*18 

0-67 

,, of proximal „ „ ,, . 

. 1*50 

0*86 

Length of inner metacarpal 

. 4*40 



Thesft bones are about the size of the metacarpals of the living Malay Tapir, 
and indicate that the extinct Indian pig, must have about equalled in size the 
former animal. 

Genus: Hippohyus. 

This genus, which is confined to the Siwaliks, seems to have been hitherto 
known only by the cranium and fragments of the mandible, figured on plates 70 
and 71 of the “ Fauna Antiqua Sivalensis.” Mr. Theobald has collected near 
Asnot a considerable number of specimens of the cranium and mandible of this^ 
genus, and one or two specimens had been obtained from the Punjab in previous 
seasons ; the great number of specimens obtained from Asnot illustrates the 
very local distribution of many of the Siwalik mammals. Of the specimens of 
crania and upper molars recently obtained, some are slightly larger and others 
slightly smaller than Falconer’s figured specimen, but I can see no evidence of 
\ specific distinction, the gradation from <jne to another being so regular. 

Jft the mandibles, however, there is such *a difference in the size and pro- 
portion of the molars that I cannot but think that there is evidence of a 
s ec o nd species smaller ‘than IT. sivalensis . Below I have compared together the 
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dimensions of a mandible of H. sivaleiisis (a), 
(b)~ 

and one of the smaller 

a. 

specimens 

b. 

Length of three true molars 


302 

2*80 

„ of first molar 


. 0'S,> 

0*45 

Width of 


0-52 

0*40 

Length of second „ 


080 

0-70 

Width of „ „ 


0-75 

0*48 

Length of third „ 


1-71 

1*20 

Width of „ „ . 

, 

080 

0-55 


It will be seen from tho above measurements of the teeth of the two jaws that 
those of tho smaller jaw are proportionally narrower than those of the larger, 

liUMINANTIA. 

Camelopardalis and Hydaspitherium . 1 

Among the large collection of specimens obtained by Mr. Theobald, during 
his last season’s work in the Siwaliks, there occur a considerable number of both 
upper and lower teeth of various species of Giraff e-like animals, some of which 
belong to new species, and possibly to new genera, while others illustrate more 
completely the dentition and affinities of previously known species. 

A .certain amount of difficulty occurs in referring all these specimens to their 
respective species, since it is in several cases not easy to say whether certain 
lower molars should be referred to the same species as certain upper molars : or, 
again, whether certain lower molars which cannot be referred to the same species 
as any of the upper molars, should be referred to the same or to a different genus. 
It will therefore be understood that in regard to the lower molars, some of tho 
determinations* are only provisional. 

The discoveries of new Giraffoid animals in tho Sub-Himalayan Sbgaliks aro 
gradually bringing to light a group of animals of whose existence scarcely any- 
thing is known in other parts of the world. At the present time there exists of 
this group only the one Giraffe of Africa, which stands out alone and isolated 
from all other living Ruminants, and is evidently the last specialized survivor of 
a lost group. In the miocene of Attica and in the Siwaliks fossil species of this 
genus occur ; and in the former deposits there also occur tho remains of tho 
Helladotherium, which is the only other European member of the group. 

In Asia, we now know of the former existence of at least four genera, namely, 
Swatherium , Bramatherium, Hydaspitherium, and Vishnutherium. Of the third of 
these genera we now know of the existence of three species (unless one belongs 
to anew genus), one of which is ( intermediate in the form of the mandible 
between the Sivatherium on the one hand, and the Giraffe on the other. 

It is, of course, much to be regretted that some of the species to be noticed 
here are only known by fragments of their jaws and teeth, so that we can only 


Originally wrongly named EydasjMoiherium . 
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guess vaguely and darkly at the true affinities of their owners; even, however, the 
hare knowledge of the existence of such highly interesting forms of older mam- 
malian life, has a great importance in all schemes for the classification and evolu- 
tion of the most specialized class of Vertebrates. 

Many of the specimens noticed in the present paper will not require further 
illustration, and they are therefore described at some length ; others, again, will 
require figuring and more minuto description on a future occasion, and are there- 
fore only shortly noticed in the present paper. 

Commencing with the genus Camelopardalis , we may notice that but few molars 
have hitherto been found, and that consequently the present specimens considerably 
enrich our knowledge of the Indian fossil species. In the true upper molars I 
have only found evidence of one species, namely, G . sivalensis ; certain lower 
molars and premolars, however, seem to indicate the former existence of a second 
Jarger species, and of a third smaller species. 

The specimens collected by Mr. Theobald are the following : a portion of a 
left maxilla containing the three molars; a portion of a right maxilla, which 
seems to have belonged to the same individual, and contains the two last pre- 
molars and the two first molars ; the two last upper molars of the right side ; 
two detached penultimate upper molars; two detached upper first molars; a 
single last upper premolar of the right side ; a portion of a right maxilla con- 
taining the two last milk-molars and the first permanent molar ; a fragment 
of a left ramus of the mandible containing the two last permanent molars ; 
another fragment containing the last tooth df the opposite side, from beds low in 
the series; a first right lower molar; a last right lower premolar of large size; 
a penultimate left lower premolar; the two anterior premolars in a fragment of 
the right ramus of the mandible belonging to a larger species : and the last lower 
milk-molar of the left side. 

The teeth of the fossil Siwalik Giraffe hitherto figured and described arc 
the twotlast upper molars, the penultimate upper premolar, the three lower 
molars, and the last lower premolar ; all the above specimens were obtained by 
Dr. Falconer and are figured on plate 16 of the “ Palaeontological Memoirs.” In 
addition to the above, a fragment of a mandible with the last premolar and two 
first molars, obtained by Mr. Theobald from the Punjab, has been figured by 
myself in the “ Palseontologia Indica.” 1 

In the present paper I shall notice the more important of the recently-dis- 
covered specimens, giving the dimensions of some of them. As the majority of 
these specimens do not differ in character from the corresponding teeth of the 
living Giraffe, they do not require minute description, nor will it be necessary to 
give figures of them. 

■' The two most perfect specimens of the maxilla contain between them the five 
last teeth ; of these I have appended the measurements, which are given in the 
first column (u) of the folldywing table ; in the second colu mn (6) I have given 

y 1 1 


1 Her. X, Vol. I, 2, plate VII, fig. 15. 
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the measurements of the corresponding teeth obtained by Dr. Falconer and taken 
from page 202 of the first volume of the “ Palaeontological Memoirs while in 
the third column (c) I have given the measurements of the corresponding teeth 
of the living 0. giraffa 






a. 

b. 

c. 





In. 

In. 

In. 

Length of two last molars 




2*40 

2*50 

2*55 

„ of last molar 




1-27 

1*20 

1-21 

Width of „ 




1*25 

1-40 

130 

Length of penultimate molar . 




1*10 

... 

1*21 

Width of 




1-35 

1*45 

1*:I5 

Length of first molar 




107 

... 

MO 

Width of „ „ 

, • 



110 

... 

1-20 

Length of last premolar 




098 

... 

090 

Width of „ „ 




10(5 

... 

MO 

Length of penultimate preniolur 




0*80 

100 

1-08 

Width of „ „ 




0-98 

112 

1*22 


Jt will be seen that the present teeth agree very closely in size with Falconer’s 
specimens generally, being, however, slightly smaller. One very important differ- 
ence distinguishes the dental series of the fossil species from that of the recent 
species: in the former the last premolar is both longer and broader than the 
penultimate premolar, wliile in the recent species the penultimate premolar is 
both longer and broader than the last premolar. In my above-quoted notice of 
the lower jaw of the fossil species, I pointed out that the jaw was much deeper than 
that of the recent species, and that the last premolar was relatively more elon- 
gated ; and also that the one known cervical vertebra was shorter. 

There are, therefore, many points of distinction between the recent and fossil 
forms, though the resemblance of the true molar series is very close in the two. 
At page 202 of the first volume of the “ Palaeontological Memoirs, ” Dr. .falconer 
remarks, that the penultimate upper premolar of the fossil species has three 
tubercles at the inside of the base, which do not occur in the corresponding tooth 
of the recent species ; in Mr. Theobald’s specimens these tubercles are likewise 
absent, and therefore do not seem to be of any specific value ; indeed, this tooth 
appears to be liable to vary in the recent species, as in a specimen of a recent 
cranium in the Indian Museum, the penultimate upper molar is furnished with 
a distinct cingulum on the inner side, which is not noticed in Owen’s “ Odont- 
ography,” or in Dr. Blainville’s figures. 

The other specimens of upper true molars collected by Mr. Theobald do not 
require further notice, as they are in no wise different from the preceding speci- 
mens. The specimen of the maxilla with the two last milk-molars has the first 
tooth somewhat injured ; this tooth is narrower in front than behind, as is usually 
the case in Ruminants ; the last milk-molar has a distinct tubercle in the valley 
separating the inner columns ; in the permanent molars of 0. sivalensis there is 
generally no trace of any similaity-placed tubercle, though some specimens in 
the fndian Museum and Falconer’s original specimens shew a very small one ; 
in the recent species there seems to be always a tubercle in the inner valley of 
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upper molars. The dimensions of the specimen with the upper milk-molars 

are as follow : — 




Inches. 


Length of first true molar - 

109 


Width of „ „ 

118 


Length of last milk-molar ..... 

0*98 


Width of „ ..... 

0‘90 


„ of penultimate milk-molar .... 

0*70 


The portion of tlie left ramus of a mandible containing the two last molars, 
in respect of the last tooth agrees well with Falconer’s original specimen of the 
same tooth ; the penultimate molar is, however, somewhat smaller than the corre- 
sponding tooth of the lower jaw figured by me in the “ Palreontologia Indica,” 
which has already been referred to. Unfortunately the lower part of the mandible 
of the new specimen has been broken away, but from its thickness at the broken 
part it would appear that the jaw was deep, as in the figured specimen. 

The next specimen, which contains the last molar of the right ramus of the 
mandible, has a narrower jaw, and therefore cannot have belonged to the same 
species as the abovementioned figured jaw ; the tooth of the new specimen is also 
somewhat smaller than the corresponding tooth of Mr. Theobald’s other specimen 
of the mandible. 

In the following table I have given the dimensions of the figured jaw in the 
first column ( a ) ; in the second column ( h ) the dimensions of Falconer’s specimen 
of the last molar; in the third column (c) Mr. Theobald’s specimen with two 
molars; in the fourth column (d) the jaw of the living Giraffe ; and in the fifth 
column (e) Mr. Theobald’s specimen with the last molar only; I shall sub- 
sequently refer to the specimens under the heads of the above letters : — 




a. 

b. 

e. 

d . 

e. 

Length of penultimate molar 

. 

. 1*25 

... 

110 

115 

... 

Width of 

. 

. 1*00 

... 

0*90 

0*90 

... 

^ength of laat molar 

. 


1*7 

1*69 

1*75 

1*40 

Width of „ „ 

. 

• 

10 

0*90 

0*90 

0'75 

Depth of jaw at laat molar 

. 

* 2*40 

... 

... 

1-65 

1*50 


Now, if these measurements are compared with the measurements given above 
of the upper molars, there can bo no doubt but that specimens c and b belong to 
0. sivalensis, and that specimen a, though slightly larger, also must probably be 
referred to the same. Specimen e is, however, as I have said, too small to have 
belonged to 0. sivalensis , and must probably be referred to a new species ; this 
specimen, Mr. Theobald tells me, was obtained far below the horizon of the other 
fossils, and therefore its specific distinctness is the more probable. The depth of 
the jaw of this specimen is absolutely less than that of C. giraffa, but is really pro- 
portionally greater, and the species, like 0. sivalensis , belonged to a deeper-jawed 
type ; thus in 0. giraffa the length of the last molar exceeds the depth of the jaw 
by 0*1 inch, while in specimen e the depth of the jaw exceeds the length of the last 
molar 01 inch. 

tooth of specimen c bears ti small tubercle in the outer valley, 
ba the figured specimen a; the last molar, as in Falconer's spdfcmen 
no tubercle in tine anterior valley, but has a very small o me in the 
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posterior valley, which does not exist in Falconer’s specimen ; in the living Giraffe 
the first molar has a tubercle. 

The next tooth which requires notice is a detached last lower premolar of the 
right side ; it agrees precisely in form with the corresponding tooth of the speci- 
men a (which is drawn in fig. 14, plate 7, of the above-quoted volume of the 
“ PalfiBontologia Indica ”), but exceeds that tooth in length by 0*37 inch, and is 
therefore too large to have belonged to 0 . sivalemis , and seems to indicate a 
third and larger species of Siwalik Giraffe. 

The detached first lower molar mentioned in the list of specimens, is of nearly 
the same size as the corresponding tooth of C. giraffa , and doubtless belonged to 
(7. sivalensis ; it carries a large accessory tubercle in the outer valley. 

The penultimate left lower premolar which, I think, may possibly have 
belonged to a small individual of 0 . sivalensis differs somewhat from the corre- 
sponding tooth of C . giraffa , and approaches the form of the corresponding tooth 
of Svoathermm , and of the same tooth in the jaws which I refer to Uydaspithe- 
Hum. The hinder barrel of the tooth is very like the same part in 0. giraffa , 
with the exception that both the inner and outer columns are somewhat more 
elongated; the outer column of the anterior barrel is also very similar; the 
inner side of this barrel is, however, very different. In the living Giraffe, 
the inner column of the anterior barrel is a simple flattened cone, placed 
immediately on the inner side of tho outer column, there being consequently a 
central enamel pit in this column ; the anterior extremity of the outer barrel 
curves round to form a simple wall bounding the anterior side of the tooth. In 
the fossil specimen, on the other hand, there is no separate inner column ; the fore- 
and-aft extremities of the outer column bending round to the inner side, and 
leaving an open valley between them leading into the central enamel fold ; the 
posterior one of the inner columns of the anterior barrel is simple, while the 
anterior one forms a large cone, with a central enamel island. The crown of the 
tooth is low (brachydont), and shews that the tooth belonged to the true Giraffes 
and not to the Sivatherioids, in which the crowns are tall (hypsodont}. The 
general arrangement of the anterior barrel is very similar to that which occurs 
in Sivatherium , and in the jaw which I have referred below to Hydaspitherium ; in 
the two latter genera, however, the antcro-internal column of the tooth has its 
enamel fold forming a cleft on the inner side, and not a median pit. 

The dimensions of this tooth are compared below with the corresponding tootli 
of C. giraffa , and I have also added the measurements of the penultimate lower 
molars of C. sivalemis and C. giraffa , for relative comparisons : — 


Length of penultimate premolar 


C. lio. 
Inches. 
110 

C. giraf 
Inches. 
0*95 

Width of „ „ . 

• 

070 

0*86 

Height of crown of penultimate premolar 

. 

0*62 

085 

Length of penultimate molar . 

. 

110 

115 

Width of „ „ 

. 

090 

0*99 


It will be observed from the above measurements that the present promolar is 
relatively longer than in the living Giraffe ; in the latter the penultimate lower 
premolar is considerably shorter than the penultimate true molar; while in 0 . 
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sivalensis the two teeth are of the same length ; moreover, from the width of the 
premolar, it seems probable that that tooth belonged to a smaller individual than 
that to which the true molar belonged ; and it therefore follows that the penulti- 
mate premolar was probably longer than the penultimate molar. 

The above-mentioned specimen is, as I have said, rather small for 0. svvalen- 
sis , and yet, I think, it may probably have belonged to a small individual of that 
species. The next specimen to be noticed consists of the corresponding tooth of 
the left side, together with the anterior premolar. There is considerable differ?' 
ence between the size of these teeth and that of the last, and yet I should not have 
thought from this alone that we ought to refer the present specimens to a dis- 
tinct species ; another character, however, to be shortly noticed, shews us that this 
must have been the case. 

The hindmost of these teeth is almost identical in form with the last specimen, 
the only difference being that the antcro -internal column has its enamel fold 
forming a cleft on the inner side, as in Siv cither ium , and not a central pit, as in the 
last specimen. Such a variation in a tooth so liable to vary as an anterior pre- 
molar cannot be taken as having any great specific value. 

The first premolar is a simple tooth consisting of two main columns in the 
same antero-posterior line, and a smaller talon-column in front. In th6 reeent 
Giraffe there is no interior talon-column ; but a small one occurs in Siv cither ium. 
Below I have given the dimensions of this specimen, together with the dimen- 
sions of the last premolar and two first molars of the lower jaw of (7. sivalensi s 9 
described by me in the volume of the “ Palreontologia Indica ” above referred to 
(p. 41), as being the largest specimen known ; in the second column I have added 
the corresponding dimensions of the living species : — 


Length of second molar 




Foeril. 

Inches. 

1*25 

C. qirqf. 
Inches. 

115 

Width of „ „ 


. 


1-00 

0*90 

Length of first molar • . 




1-30 

100 

Width of „ „ 




1-00 

0*90 

Length of last premolar 


• 


1*15 

0*90 

Width of „ „ 




0’90 

0*80 

Length of penultimate premolar 


. 


1*40 

0*95 

Width of „ „ 


• 


0*81 

0*86 

Height of „ „ 


. 


0-75 

0*85 

Length of first premolar 


. 


0-96 

0*70 

Width of „ „ . 




0-61 

0*55 

Depth of jaw at first premolar 


. 


1-20 

1-70 


From the above measurements it will be seen that the present teeth are not 
too wide to have belonged to 0. sivalensis ; one very important point, ho#eyer, 
is against the present specimen belonging to that species. It will be seen irom 
my previously mentioned notice of the lower jaw of G. sivalensis that at the second 
molar that specimen was threp-quarters of an inch deeper than the jaw of 
Oy girnffa* while the present Specimen at the penultimate premolar is half an inch 
; 1 ess deep; this, therefore, pretty conclusively proves that the present specimen 
hav© belonged to 0. sivalensis, but to a second species with a mandible 
Ot^ i^^stender than that of the living species; the specimens are too large to 
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have belonged to the same species as the small specimen I noticed above ; but 
they might have belonged to the same species as the one that has the large 
detached lower premolar; this, however, we cannot be sure of until we know the 
form of the jaw to which the latter belonged. 

Reverting once more to the premolars, it may be remembered that in the above* 
mentioned notice in the “ Paleeontologfa Indica,” I called attention to the less 
generalized form of the ultimate lower premolar of C. sivalensis, and I have now 
to add (irrespective of the question of speeies) that this lengthening of the pre- 
molars was common to the whole series in all the fossil Siwalik Giraffes as far 
as we know ; moreover, in their form the two anterior teeth in question approach 
those of Sivatherium and its allies, shewing a closer connection between the two 
genera. The brachydont form of the teeth under consideration shews that they 
belong to the true Giraffes. I shall hope to obtain further specimens to indicate 
the affinity of the new, slender- jawed form, and do not therefore assign any name 
to the species at present. 

Whether any of the lower premolars in question belonged to Camelopardalis 
sivalensis, or whether they belonged to some other nearly allied’ animal, is in great 
part immaterial to the real interest of the specimens, which conclusively prove 
that there existed at least one species of Giraffe in the Siwalik period, of which 
the lower premolars manifested affinity with the Sivatherivm-A ike animals, while 
in the slenderness of its lower jaw, and in the brachydont character of its teeth, 
it was most nearly related to the living Giraffe. We have also seen that there 
appears to be good evidence of three Siwalik species of Giraffes, one very large, 
pne of the size of the living species, and one much smaller ; other specimens are 
much needed to throw further light on the first and second species. 

The only tooth requiring notice here, which belongs in all probability to 
Camelopardalis swalensis, is a third lower milk-molar ; this tooth belongs to the 
right ramus of the mandible ; it is a three-barreled tooth, each barrel containing 
two columns, and the anterior barrel being the smallest of the three ; th^se two 
latter characters serve to distinguish the tooth from the third lower true molar, in 
which the "hinder barrel consists only of one column, and is consequently the 
smallest of the three ; the general form of the barrels is very similar to those of 
the permanent molars, the smaller size being the chief distinction; both of the 
valleys on the external side contain accessory tubercles. The length of the 
tooth is 1*2 inch, and its width 0 6 inch ; I may observe here that this tooth is 
somewhat longer and narrower than the penultimate permanent lower molar, and 
also exceeds the length of the penultimate upper molltr in the smaller specimen 
noticed above, by the same extent as it does the lower molar. This is about the 
proportion that occurs in living Ruminants, and is noticed here, as being of im- 
portance in referring certain teeth to be described immediately to their proper 
owners. 

In addition to all the above-mentioned teeth, there is an antepenultimate lower 
premolar of large size, which belongs to some Giraffe-like animal, but not to the 
same species or perhaps genus as day of the other teeth ; the tooth is upwards of 
a& wteh and a quarter in length, which is longer than the corresponding teeth of 
the large jaw referred below to H^ospUherinm t and which, therefore, belonged 
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to a very large animal. The tooth is brachydont, and the enamel is less rugose 
than in any of the SivatheriOids, and I therefore refer it to the Giraffes. The 
tooth posteriorly has a simple oval-shaped pit on its summit equal to about one- 
third the whole length ; anteriorly it has a simple trenchant edge ; it is therefore 
different in form from the corresponding tooth of either the Giraffes or Sivathe- 
rioids, and probably indicates .a new gepus, though I can at present say nothing 
more definite in regard to it. 

We have now to turn our attention to the genus HydasjpUherinm, of the upper 
molars of which Mr. Theobald has sent a considerable number of specimens from 
the Punjab. In a forthcoming memoir on the cranium of H. megafiephabm now in 
the press, 1 1 have shortly noticed the upper teeth of that species, as well as a single 
detached specimen of an nppor molar, and I have also pointed out the characters 
which distinguished these teeth from the molars of Sivatheriwm. The new speci- 
mens of upper molars have conclusively proved the existence of at least one new 
species, while another species is known upon the evidence of a lower jaw. 

The notices of the specimens of this genus will be somewhat short, as many of 
them will be figured on a future occasion. 

The first specimen that requires notice is a detached left upper molar which 
is a typical specimen ; this tooth is distinguished from that of Sivabheriwm, gigem - 
teum by its smaller size, by the rugosity of the enamel being less coarse, by the 
absence of foldings in the central enamel island, and by the form of the external 
surface or dorsum. This latter character it will be necessary to examine rather 
more closely. In the upper molars of Sivathcrium, the dorsum of the hinder barrel 
carries three bold ridges or costee, of nearly equal size ; the dorsum of the fore 
barrel contains two similarly bold ridges or costae. In typical specimens of the 
upper molars of Hydasp i tlier ium megacepluxlwm , the mesial ridges or gostie are 
vex y much less prominent ; the one on the hind lobe being especially indistinct. 

Among the specimens obtained this year are the two last upper molars of the 
right side, which agree exactly in size with the last-mentioned tooth ; in these 
specimens the costae are still more indistinct on the dorsa of the hinder lobes, 
this surface being indeed almost evenly concave, and exceedingly different from 
the same surface in the molars of Sivabherium . Still, the difference in the form 
of these teeth and of the typical molars of If. megacephalum is so slight that I 
for the present, at all events, consider it best to refer these molars to that species, 
classing them only as a variety. In the table below I have given the measure- 
ments of the single typical tooth which I call variety a 9 and in the second column 
those of the two aberrant teeth which I call variety 6; in the thir d col umn I have 
given the dimensions of tfie two last molars of S. giganteum — 

Hydatp. 


Length of last molar • 



van a. 
la. 

1*66 

van b 
In. 

1*62 

In. 

2*00 

Width of * * 

• 

, 

1*60 

1*63 

2*88 

Length of penultimate molar . 

. 

, 


1*69 

1*68 

Width of „ 

• 

. 

... 

1-70 

2*20 

IMghtof 

• 


Ml 

1*20 





1 Pffeontologia Indies, Ser. X, Vol. I, pt, 8. 
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The two conjoined teeth shew a faint cingulum at the base of the inner 
columns, which is not observable in the isolated tooth or in the teeth of the cranium 
of H. r^a^hghm. We have now to consider several other specimens of 
upper teeth, which have considerable resemblance to the two last specimens, but 
which are of larger size, and which still further diverge from the Sivatherium type, 
and which must, I think, undoubtedly be referred to a second species of the genus 
HydajtptihGrwm, for which I propose the name of H. grande. The specimen 
which I will here select for notice is a penultimate upper molar of the left side 
from the Punjab. This tooth agrees with the teeth of the last specimen in its 
general form, the dorsum of the posterior barrel overlapping that of* the anterior 
column (owing to the oblique position in which they are placed), and the enamel 
being rugose, though less so than in Swatherium, and there being no crenulation of 
the enamel in the central pits. 

The chief differences of this tooth from those of variety b of the last species, 
irrespective of size, are, that the crown is relatively much higher ; that the anterior 
costa of the dorsum of the hinder lobe is more prominent and curves more forwards, 
and that there is no median costa on this surface, which is more concave than in 
the last specimen ; the median costa on the dorsum of the fore lobe is also 
much less developed ; there is no trace of any cingulum on the internal surface of 
this tooth, nor of any tubercle in the median valley ; the summits of the lobes have 
hardly been touched by wear. The dimensions of this specimen , are compared 
below with the above described penultimate upper molar of variety b of 
H. megacephalum — 


Length of crown 





If grande. 

In. 

1-80 

H. mega. 

In. 

1*59 

Width of „ 

. 

. 

. 

. 

1*80 

170 

Height of >v 

. 

. 

. 

. 

1*60 

1-20 


This tooth, therefore, is squarer than that of H. megacejphalam, and, differing 
by only 0*1 inch in width, differs by 0*4 in the height of the crown. These differ- 
ences, I think, amply justify specific distinction ; these teeth from the absence or 
slight development of the median dorsal costae present no resemblance to those 
of either Bi/vatherivm or Bramatherium. They are nearest, of course, to the variety 
5of Hydaspitherium megacephalvm , the latter forming a connection between the pre- 
sent specimen and var. a of JET. megacephalupn, and those again with Swatherwm. 
As I have before hinted, it is not impossible that the teeth of variety b of B. 
megacephalum may really belong to a distinct species, though I do not think we 
are justified in making any distinction on the evidence of these teeth alone, as 
they sire so close to those of variety a. % 

In addition to the above specimens, Mr. Theobald has obtained three detached 
tipper molars of the same species from the village of Asnot, as well as the two 
last upper mtik-molars of the right side, and two detached specimens of penultimate 
upper milk-molars of the same side, which from their size and form I have little 
doubt must be referred to H. gtande. The ultimate milk-molar repeats the 
characters on; a smaller scale of the larger permanent teeth ; the penultimate milk- 
molar haa the first barrel produced into a point anteriorly, which proves that the 
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two teetb belong to the milk series. The dimensions of the two teeth are as 
follows: — 

* In* 

Length of last milk -molar ...... 1*60 

Width of 1*30 

Length of penultimate milk-molar ..... 1*62 

Width of 100 


Having now examined all the typos of upper molars of this group of ani- 
mals contained in Mr. Theobald’s collection, it now remains to consider two lower 
jaws of two species of Sivathorioid animals, which cannot be referred to 8 ivathernm 
gigantewm ; both specimens are from the Siwaliks of tho Punjab. 

The first specimen consists of the greater portion of the right ramus, the 
only missing parts being the extremity of the coronoid process, and the part in 
front of the first premolar ; tho whole of the dental series is complete and but 
little worn. 

I shall here notice this specimen very shortly, as I shall figure it on a subse- 
quent occasion. The ascending portion of the ramus has its anterior border 
almost at right angles to the axis of tho horizontal portion, which distinguishes 
the jaw from that of Camelopardalis, (the corresponding part of the jaw of 
Swatherium is unknown). The horizontal portion is slender and bows outwards 
to a great extent in the middle, so that the part immediately below tho hinder 
barrel of the first molar is by far the most prominent point in tho whole of this 
side of the jaw. The two latter characters at once distinguish the specimen from 
the mandible of Sivaih envoi, which is very deep, and which is slightly concave 
externally. 

Tho teeth aro distinguished from those of Swalhervum by the costro on tho 
internal surfaces, and especially those of the hinder barrel, being much less pro- 
minent and bold ; and by the reticulations of the enamel being finer, as well as 
by the greater obliquity of their dorsa io their long axes; in Sivatherinm a rod 
placed on the last molar will touch boih median costir, while in this specimen it 
will touch the median costa of tho second barrel, and the posterior costa only of 
the first barrel. 

The premolars are voiy like those of the fragment of a jaw referred above to 
Camelopardalis , but are much larger, and relatively higher, and the enamel is more 
rugose. In the following table T have given tho dimensions of this specimen, of 
the mandible of Camelopard ah s , and ^of Sivalherium; the latter dimensions aro 
taken from a cast of tlio specimen figured on plate twenty-one of the first volume of 
the “ Palaeontological Memoirs,” tho original of which is in the British Museum : — 


Length of six molars • 


Camrlo. 

6*50 

Specimen. 

10*30 

Stva, 

„ four last teeth 

. 

4*10 

770 

900 * 

„ from angle of jaw to distal end of molar scries 

10*60 

14-50 

... 

Height from angle to summit of condyle 

. • 

6*80 

7-60 

... 

Depth at middle barrel of last molar . 

* . 

1-70 

8 - 80 * 

4*70 

„ at hind barrel of first molar 

. 

1*76 

2-63 

3*46 

* at second premolar 

a 

1*55 

2-40 

3*00 

Thickness at first molar 

• i 

1*00 

1*95 

2*16 

Height of unworn last molar . 

• • 

M* 

1-70 

... 
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The jaw of Sivatherium referred to is probably that of a male, other specimens 
being slightly smaller ; the smaller or female specimens, however, have the same 
form and proportions as the larger. From the above measurements and com- 
parisons there can be no question as to the distinctness of the specimen from 
Sivcdheritm. 

The r teeth aTe readily distinguished from those of Bramatherium by their larger 
size and greater proportionate height ; and from those *bf Vishnutherium by the 
absence of any cingulum or accessory tubercle, as well as by their much greater 
size. 

There now only remains the genus HydaspitJierimn of described genera to 
which the specimen can belong ; and from the slight development of the costae 
on the dorsa of the upper molars of that genus, and of the lower molars of the 
present specimen, I think it probable that the latter should be referred to that 
genus. 

With regard to the question of species: the above-referred to cranium of 
H. megacephalum is, from the fact of its bearing horns, no doubt that of a male 
individual (the female of the allied genus Sivatherium being hornless) ; now, in 
that specimen the length of the last five teeth of the molar series is only 6*1 
inches, while the length of the last five teeth in the present specimen is 9*2 
inches; this clearly shews that the specimen could not have belonged to that 
species. 

. Then with regard to H. grande : this, as we have seen, is only known from upper 
molar teeth, and there is therefore great difficulty in saying whether or no this 
specimen belongs to that species ; another mandible, however, to be noticed imme- 
diately in the character of its lower molars, approaches nearer to the upper molars 
of JET. grande, and I have accordingly provisionally referred the second specimen 
to that species. The present specimen must therefore belong to a third species, for 
which I propose the name of H. leptognathus, with the proviso that subsequent 
discoveries may render it necessary to ’change the generic prefix. « 

The present specimen indicates the existence of a slender-jawed Sivatfierioid, 
which in the form of its jas% is a connecting link between the stout-jawed Siva- 
therwm gigantewm, and Camelopardalis sivalensis , in which the jaw is stouter 
than in the living Giraffe. The perpendicular inner border of the ascending 
portion of the present jaw is quite peculiar, as far as is yet known. 

* We have now to consider the portion of a mandible which, I think, may very 
probably belong to Hydaspitherium grande ; this specimen comprises a portion of 
the left ramus of the mandible containing the three true molars and the last 
premolar ; the jaw is broken off posteriorly immediately behind the last molar, 
and anteriorly some distance in front of the premolar ; the teeth are only slightly 
abraded by wear. 

This mandible differs from the last specimen by being much deeper, and by 
being slightly concave instead of convex on the outer surface ; in both of these 
respects it approaches to the jaw of Swatherium giganteum. The form of the 
teeth, however, at once distinguish^ the specimen from the last-named genus, and 
also from H. leptognathus. The dorsa, or internal surf aces, of the teeth are placed 
still more obliquely to the long axis of the jaw than in H. leptognathus; and the 
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median cost© are still less developed, those of the hinder barrels being indeed 
almost obliterated ; if a rod be laid on the dors! of the barrels of the last molar, 
it only touches the posterior costas of the barrels, and not the median costa of either 
barrel, which shews that the form of the teeth is still further removed from that 
of the teeth of Sivatherium than are the teeth of 3. leptognathus. Perhaps the 
most distinguishing character of the specimen is the form of the dorsum of the 
anterior barrel of the last premolar ; this surface is fan-shaped, narrower below 
than above, and nearly flat, the median costa being very slight, and the anterior 
costa forming a curved boundary to the dorsum. In the corresponding tooth of 
Siyatheritm the median dorsal costa is very largo, and is the most prominent part 
of the whole surface, while at the same time the tooth of Swatlierium is less fan- 
shaped. The corresponding tooth of Eydaspitheriwm lejptognathvs is absolutely 
taller and narrower than the present specimen, which alone would be a sufficient 
distinction. I have given below the dimensions of the last lower premolars of 
the three lower jaws ; the tooth of S. giganteum is rather more worn down than 
the others, and therefore is proportionally somewhat squarer — 

Siv. H. lepto. IT. grande. 


In. 

In. 

In. 

Width of dorsum of last premolar . . . 1*40 

105 ■ 

1*3 

Height of „ „ ... 1*72 

The other dimensions of the specimen are as follows : — 

1*60 

1*4 

Length of four last teeth ..... 


7*7 

Depth at middle barrel of last molar . 

. 

3*7 

,» at hind barrel of first molar .... 

. 

3*7 


Prom the above comparisons, it is quite evident that the specimen cannot 
belong to Swa therium or to H. leptognatfms ; the size of the specimen, apart from 
other characters, distinguishes it from Bramatherium and Vwhntdlierinm. The 
specimen, being as large as the jaw of H. leptognathus , for the same reasons can- 
not bejpng to If. megaceph-alum. 

There only remains therefore H ’ grande to which the specimen can belong ; 
now, in the flatness of the dorsa of the molars of the present specimen, as well 
from their obliquity to the long axis of the jaw, these teeth agree with the upper 
molars referred to above as forming the new species 3. grande ; the size of the 
upper and lower molars also agrees well together, and I have accordingly though^ 
it extremely probable that the two belong to the same animal. I wish it, however, 
to be understood that 1 cannot be certain in this identification, and that it may 
subsequently be necessary to refer the lower jaw to a new species or even to a 
new genus. 

The * animal to which this jaw belonged was doubtless of the massive type 
; of Sivatherium, and therefore widely distinguished from the slender-jawed H. 
leptognathus and the true Giraffes ; in the form of its teeth the was neater 

to the former species, though it diverged still more widely in the form of the 
vtaM* surfaces of the molars from Sivatherivm and the Giraffes. 

1$ other specimen among the collection of teeth of Sivatherioid and 
animals is a last lo%er milk-molar of the left side; this specimen I 
any confidence refer to any particular species, and I here merely 
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desire to call attention to it. The specimen in question is far larger than the 
lower milt-molar which I have referred to Camelopardalis sivalensis and cannot 
belong to that species ; it also differs very considerably in form from that speci- 
men, from which I think that it does not belong to that genus. 

The tooth is composed of three complete barrels, the hindmost of which is 
the largest : these two characters assure us that the specimen is a last milk-molar, 
and not a last true molar. The outer columns of the barrels are set very 
obliquely to the long axis of the jaw, and the median costa on the one perfect 
dorsum is slightly developed ; in these respects the tooth differs from the true 
molars of Camelopardalis and agrees with those of Hydaspitherivm. Each of 
the valleys on the outer side contains a large and pointed tubercle reaching to 
half the height of the crown. The length of the specimen is 1*9 inch and its 
greatest width 0*94 inch. 

The tooth is slightly longer than either of the two anterior molars of H, 
leptognaihus , which is the same relation as exists between the corresponding 
teeth of Camelopardalis swalensis and ordinary Ruminants : and I think it 
extremely probable that it should be referred to the former species ; it is true 
that the permanent molars of H. leptognathus have no accessory columns like the 
milk-molar in question, but it not unfrequently happens that the lacteal series 
does differ from the permanent series in certain points of detail, such differences 
generally consisting in that the lacteal molars retain ancestral characters which 
have been lost in the permanent series. 

Among the whole of the specimens sent down by Mr. Theobald from the 
Siwaliks of the Western Punjab, I cannot find any remains which I can with 
certainty refer to Sivatherium giganteum, and it is not improbable that the range 
of that animal did not extend into the area in question, where it was replaced 
by the allied genera ; no species of this group have hitherto been found ' in Sind. 
Among Mr. Theobald’s collection there are a considerable number of the limb 
bones of various Sivatherioid animals, which are generally smaller than those of 
8. giganteum, an<f which most probably belonged to some of the above deAribed 
smaller species. I have not yet had time to examine those bones in any detail. 

PERISSODACTYLA. 

Genus: Rhinoceros. 

During the present and past year the Indian Museum has acquired a large 
series of specimens of the osteology and dentition of the. fossil species of this 
genus, which have been obtained by the exertions of Mr. Theobald in the 
Siwaliks of the Punjab, and most especially from the highly fossiliferous beds 
of tfee village of Asnot in the Jhelam district. 

Among these specimens are the complete adult molar series of Rhinoceros 
sipalemis, the upper milk dentition of R. palmmdims , and a complete ramus 
of the mandible with the symphysis of the same species, and, most important of 
all, a large series of the upper and lower dentition of the new species R. plant - 
dens, which appears to be confined to the Punjab. No specimens of R. platy - 
rhimts occur either in the present or in previous collections from the Punjab, 
and it is not improbable that this species did not occhr in that area. 
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In the present notice I shall only refer to certain upper teeth of R. plamdens, 
which are far more perfect than the specimens of upper molars described at 
page 23 of “ Molar Teeth and Other Remains of Ma mmal ia,” 1 and upon the 
evidence of which the species was founded ; and also to * a portion of the lower 
jaw of the same species. The new specimens incontestably prove the distinctness 
of the species. 

Of the two specimens of upper molars which I have selected for notice here, 
one is the penultimate tooth, and the other the last tooth of the right side. 
Both ^fceeth are quite complete and in a middle state of wear ; they are of such 
a size that by this character alone they might be well distinguished from R. 
sivalensis , which is the only one of the Siwalik species of Rhinoceros with which 
they have any affinity. 

Both of the original specimens on which the species was founded lacked the 
external surface of the crown, the form of which has been therefore hitherto 
unknown. In the present specimens we find that the dorsum or external sur- 
face is produced into a bold buttress at its antero-external angle, and that the 
reBt of that surface is nearly flat ; the presence of this buttress alone is sufficient 
to distinguish these teeth from those of R. plabyrldwus. 

The other characters of the penultimate tooth are similar to those of the 
previously-acquired specimens, and need no further notice hore. The last tooth, 
allowing of course for its different form, agrees in general characters with the 
previous specimen ; it is roadily distinguished from the corresponding tooth of 
R. sivalensis by its vastly superior size, and *by having a. very wide cingulum 
surrounding the outer and inner sides of the anterior collis, and which is con- 
tinued into the median valley to form a low and wide tubercle at the entrance, of 
which there is no representative in the corresponding tooth of R. swalensis ; 
the tooth has a small crochet and a large antecrochet. 

The dimensions of these two teeth are compared below with the same 
dimensions of the corresponding teeth of Rhinoceros sivalensis .*— * 


Penultimate molar. 

Length of anterior surface 




plaid. 

In. 

3*20 

R. ttva 
In. 
2*70 

„ of internal surface 




2 45 

1*82 

„ of posterior surface 




2*60 

2*34 

„ of external surface 




3*40 

2*50 

Height of crown 




2*22 

2*10 

Last molar. 

Length of anterior surface 




320 

2*30 

„ of internal surface 


* 


2*95 

1*90 

„ of posterior surface 




3*20 

2-35 

Height of crown 




3*05 

1-75 


The difference in size is, therefore, so great that from this alone there would 
be no doubt as to the specific distinctness of R. plmidens, which indeed seemfe 
tq^have been next in size to.the largest specimens of R. platyrhinus , the largest 
■ : 'pt species of Rkmoceros with which I am acquainted ; the dorsum of the 
molar measuring upwards of four^inches in length. 

— * — — 

1 Pal®ontologla Indica, Ser. X, Vol. I, pt 2. 
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In addition to these upper molar teeth Mr. Theobald has sent down the 
symphysis and part of one ramus of a mandible of a species of Rhinoceros , which 
was found with the upper molars, and which I have no doubt from its size 
belongs to the same species. Before going further, it may be well to remind the 
reader that the mandibles of three species of Siwalik Rhinoceros are figure^! in 
the “Fauna Anti qua Sivalensis,” and were referred by Falconer to his three 
species R. sivalensis , B. pahrindicus and R. platyrhinus ; I do not know on what 
grounds the lower jaws were referred to their respective species, which were founded 
upon crania ; there is, however, no doubt but that these three jaws belonged to the 
three above-mentioned species, irrespective of the question of assigning each to 
each. Now, these three kinds of mandibles all differ from the present specimen, 
and there is, therefore, every presumption in favor of the Punjab lower jaw having 
belonged to the Punjab B. planidens. 

The portion of the lower jaw in question consists of the symphysis, and a 
part of the right ramus containing the three last premolars and the first true 
molar ; on either side of the symphysis there is a single huge incisor, that of the 
right side being broken off near its summit, and that of the left at the summit of 
the alveolus ; there are no inner incisors. The single incisor has a flattened surface 
superiorly, looking upwards and inwards, while the inferior and external surfaces 
are rounded, the tooth is strongly curved upwards, and extends above the level 
of the plane of the grinding surfaces of the molars ; the jaw is of great vertical 
depth. 

The lower jaw of R. sivalensis (F. A. S., pi. 74, fig. 6) has no incisors, and 
is therefore quite unlike this specimen. In thp lower jaw of R. platyrhinus 
(F. A. S., pi. 75, fig. 10), there are two small inner incisors, as well as larger 
outer incisors ; the latter are directed less upwards, and are straighter and smaller 
than those of the present specimen. 

The lower jaw of B. palamdic/us (F. A. S., pi. 74, figs. 3 and 4) agrees with the 
present specimen in having the outer incisors only ; the latter are, however, smaller 
and shorter, and are directed very slightly upwards, so that only their extremities 
reach the level of the grinding surface of the molars ; and the jaw is shallower 
and the symphysis shorter. 

In the following table I have compared together the dimensions of the present 
specimen, with the corresponding dimensions of the mandible of R. platyrhinus 
and B. palaindicus ; the latter are taken in part from the description of the plates 
of the “ Fauna Antiqua Sivalensis, ” and in part from specimens in the Indian 
Museum : — 


Depth of jaw at last premolar 


R. plan . 
In. 

4-5 

R. plat. 
In. 

R, pal. 
Ia. 

3*4 

Longth of symphysis 

. 

6*4 

69 

4*5 

Vertical diameter of outer incisor 


1*8 

0-7 

1*1 

Transverse „ „ 


2*4 

1*5 

1*3 

Longth of incisor (broken in 22. planidens) 


3*5 

21 

1*9 

„ of three last premolars * 


5*1 

3*8 

4*7 


No other Rhinoceros that I have seen has lower incisors at all approaching in size 
to those of the present specimen ; in correlation with these enormous lower incisors 
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we should expect that the upper incisors were likewise of unusual size in 
R. planidens, and such appears to have been the case. From the district where 
the upper molars and lower jaw of R. planidens were obtained, Mr. Theobald has 
obtained two upper incisors of a Rhinoceros of gigantic size, which I have no 
doubt belonged to the same species ; the length of one of these specimens is up- 
wards of 4*3 inches, its thickness 1*5 inch, and the height of its crown 1*9 
inch. The upper incisors of the other Siwalik species of Rhinoceros are not 
known ; the present specimen is, however, far too large to have belonged to R. 
sival&nsis or R. palceindicus, while R. platyrhinus is not known to occur in the 
Punjab, and if we may judge from Colonel Baker’s cranium of this species seems 
not to have had permanent upper incisors. 

The above comparisons point most clearly to the specific distinctness of the 
* gigantic fossil Rhinoceros of the Punjab; in its upper molars this species approaches 
nearest to R. sivalensis , but is distinguished by their larger size and their 
bold cingulum and tubercle in the median valley ; in the number of its lower 
incisors the new species agrees with R. palceindicus, but is distinguished by 
their curved form and much greater size. 

Genus: Listriodon. 

Of this genus, which has still an incerta sedes , Mr. Theobald has obtained an 
upper molar of a very small species quite distinct either from the Indian L. 
. pent apot amice or the European L. splendens , or L. lartetii, and which must be re- 
ferred to a new species. The specimen was obtained from the Siwaliks of the 
village of Jabi in the Punjab, .and will be described and figured on a future 
occasion ; I propose to call the species after its discoverer, L. theobaldi . 


RODENTIA. 


m Genus: Hystrix. 

At page 706 of the fourth volume of the “Journal of the Asiatic Society of 
in a list of Siwalik fossils given by Falconer and Cautley, there 
occurs the name of the genus Hystrix, as having been obtained with the other 
specimens. The name of the genus again appears on page 293 of the fifth 
volume of the same Journal, and also in the Introduction to the “ Fauna Antiqua 
Sivalensis” (Pal. Mem., Vol. I, p. 23). I can find, however, no further mention of 
the genus in Falconers papers, nor any notice of the specimen on which the 
determination was made ; this specimen (or specimens) has, in all probability, been 
lost. 

With the exception of the occurrence of the name in the above lists, we have 
hitherto known nothing of the occurrence of Hystrix in the Siwaliks ; towards the 
end of last year, however, Mr. Theobald forwarded to the Indian Museum a portion 
of the mandible of a species of this genus, obtained from the Siwaliks of the 
village of Asnot, which forms the object of the present preliminary notice. 

The specimen consists of the middle portioft of the right ramus of the mandible 
two first molars, and the sockets of the last premolar and last 
the dating extremity of the incisor of the same side was also obtained. 

■ : rtv'* > i * 
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In this notice I shall content myself with pointing out the main distinctions of 
the teeth of the fossil specimen from those of II . leucura which are indistinguish- 
able from those of H . cristcvta. The dimensions of the two first molars of H. 
leucura are' compared below with those of the fossil teeth : — 


Length of two first molars 




Fossil, 

In. 

075 

Kccr.ut 

In. 

0-71 

„ of first molar . 

. 

. 


0*39 

0*35 

Width of „ 


. 

. 

0*33 

0*29 

Length of second „ 


. 


0*36 

0-36 

Width of „ 

. 

. 


0*31 

0*28 


From these dimensions it will be seen that in the fossil jaw the first molar is 
longer than the second, while precisely the reverse of this occurs in the recent 
jaw ; the first molar of the fossil is considerably larger than that of the recent 
jaw, while the second molars of the two are of the same length, but that of the 
fossil is wider. Since the smallest of the fossil teeth is as large as the largest of 
II. leucura , the matter of size will distingush the fossil form from the two smaller 
Indian species, II. bengalensis and II. lonyicauda. 

Now, for the form of the teeth, in H. leuc.ura the lateral enamel fold at the 
middle of the inner side runs only for a very short distance at right angles to the 
long axis of the tooth, and is connected for a long time with the fold at the 
antero-external angle of the crown, and is isolated after its severance ; in the fossil 
jaw this fold runs for some distance at right angles to the same axis, is never 
connected with the antero-external fold, and is not isolated at all in the specimen. 
Other differences occur in the form of the grinding surface, which require a figure 
for their explanation ; as minor differences, the surface of attrition of the incisors 
in the fossil jaw is more concave, and the muscular ridges of the latter arc much 
more strongly marked than in the living species. These differences sufficiently 
distinguish the Indian fossil Hijstrix from the living species of the genus. 

The only fossils of the genus with which I am acquainted arc certain frag- 
mentary specimens from the Val d’Arno 1 of which the species is not 1 * deter- 
mined ; II. refossa from the sub- volcanic alluvium of Puy de Dome 2 ; II. pri- 
migenia from the upper miocene of Attica 3 ; and II. venusta from the pliocene 
of North America . 4 * 6 

• I can say nothing with regard to the unnamed species : H. refossa has the ena- 
mel islands unusually numerous, and the external fold very slight, and therefore 
differs from our specimen : II. refossa is considered by M. Pomel to bo an agonti. * 
In H. primigenia the large inner enamel fold of the lower molars agrees in the 
matter of length with the same fold in the fossil Indian species, but it seems to 
be sooner isolated ; the form of the minor folds is also different in the two, and 


1 Cuvier: u Ossemens Fossiles,” 4th Ed., Vol. VIII, p. 128. 

* Gervais : Zoologie et Paleontologie Franchises, ” pi. XLVIII, fig. 11. 

3 Gaudry : “ Animaux Fossilcs de l’Attique,” pi. XVIII, fig. 2. 

4 Leidy: “ Extinct Mammalia of Dakota and Nebrasca,” p. 343, pi. 26, figs. 23 & 24; the 

species is there named H. venustus, which I have ventured to alter to H. venusta, Uystrix being 
feminine. 

6 Pictet: "Traits dc Paleontologie,” Vol, I, page 255 
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in H. primigenia the two first lower molars are of equal length. The molars of 
H. vemista are very large, and the folds simpler than in our specimen. 

The Indian fossil cannot, therefore, be referred to any named species with 
which I am acquainted, and I propose therefore to call it H. sivalmsis. 

Genus : Rbizomys, nov. sp. (?). 

From certain beds at the village of Jabi in the Punjab, which Mr. Theobald 
classes as middle Siwalik, I have recei ved two detached rami of the mandible of 
an apparently new Rodent. Each of these rami contains three molars and no 
premolar ; these molars have a single deep enamel fold on the outer side, and 
three smaller folds on the inner side, which are well apparent in the worn teeth ; 
the last molar is longer than the penultimate ; the molars have distinct roots ; and 
the jaw is stout and has well-marked ridges for muscular attachments. The 
length of the three molars is 0*6, and the depth of the jaw at the second molar 
0*5 inch. 

To determine the group of Rodents to which these jaws belong I have made 
use of the classification of the Order Rodent ia or Glires published by Mr. Alston 
in the “Proceedings of the Zoological Society of London” for 1876. From that 
memoir the following facts may be gathered as to the number and form of the 
lower molar teeth in this order : — 

In the Sub-orders Glires Duplicidentati and G. Hebetidentati there are 
always premolars. 

In the Sub-order Glires Simplicidentati, the Sections Sciuromorpha and 
Hystricomorpha alwayB have premolars. In the remaining Section, Myomorpha, 
premolars may or may not be present. It is therefore clear that our specimens 
can only belong to this last section. 

In this section, the families My oxides , Geo my ides, and Theridomyida always 
have premolars. The families Spalacidce and Dipodidee may or may not have 
prem<Mrs t while the families Lophiomyidee and Muridce never have premolars. 
It is therefore evident that our specimens can only belong to one of the last 
four families. 

"Now, in the three last-mentioned families the molars are always either tuher- 
culate, or carry more or loss transverse ridges, and never have external or internal 
enamel infolds. It is, therefore, clear that our specimens cannot belong to either 
of these families, and they can, therefore, only belong to the remaining family, 
Spalacidcn. This family is divided into two sub-families the Spalaeinve and the 
- Bathyergince ; the latter group has always premolars, while the former lacks them : 
our specimens can, therefore, only belong to the former. 

The sub-family Spalacinm contains three well-known living genera, namely, 
Spalax, Rhizomys and Hcterocephalus ; of these, the* molars of Spalax are distin- 
guished from those of the present specimens by having very slight enamel folds, 
which exist only in the almost unworn state ; the lower molars of Heteroeephalus 
are distinguished by having only a single inn<jr and outer fold. (Alston.) 

There now remains only the genus Rhizomys to which our specimens can 
; the lower molars of that genus are characterized by having a large 
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external enamel fold, and two or more smaller inner folds, which persist till the 
crown is quite worn down. These characters agree, therefore, perfectly with the 
characters of our Siwalik specimens, and I can have no doubt but that the latter 
belong to that genus ; I have compared these molars with the teeth of B. swna- 
trensis, and find that they can only be distinguished in form from the latter by 
the greater depth of the external fold, and by the smaller size of the first internal 
fold; the fossil molars are in one specimen slightly smaller, and in the other 
slightly larger, than those of the recent species ; the fossil mandible is, however, 
narrower and slenderer, the incisors much smaller, and there are other differences 
in the form of the two mandibles which are quite sufficient to specifically distin- 
guish the two forms; these differences will be pointed out on a subsequent 
occasion. I shall hope to give a figure of the fossil. The fossil teeth are larger 
than those of any of the other species with which I have been able to compare 
them: should they belong to a new species, as I think is probably the case, 

I shall propose to call this species B. si/valensis. 

It may not bo out of place here to observe that among Falconer’s undescribed 
Siwalik Mammalia, there was indicated a new genus under the name of Typhlodon. 
The name only of this genus occurs in the Introduction to the “ Fauna Antiqua 
Sivalensis” (Pal. Mem., p. 23), and from the contents it is evident that this genus 
belonged either to the Rodents or Insectivores ; from the name Typhlodon I think 
that the genus must have belonged to the former, since the name appears to be so 
evidently derived from Spalax typhlus. This being so, and since our new 
Rhizomys belongs to the SpalacincR , I think it not at all improbable that Falconer’s 
Typhlodon was founded on the same Rhizomys. The Introduction in question was 
published in 1844, and a great part of it was written much earlier in India; it 
is, therefore, not improbable that Falconer was unacquainted at the time of 
writing with the genus Rhizom/ys , which was made in 1830, 1 and that finding a 
Rodent allied to, but distinct from, Spalax , he made a new genus for its 
reception. 

The genus Rhizomys being confined at the present time to Asia, it wasonly to 
be expected that fossil representatives should be discovered in the pliocene of 
that continent; living species are found in India in the Khasi Hills, and the 
Sikim Terai. (Jerdon.) I believe that no fossil species of the genus has hitherto 
been described. An allied genus ( Myosj)alax s ) has been formed for the 
reception of the so-called “ Quettah mole;” I cannot, however, find that this 
genus has been described ; and I cannot, therefore, say in what respects its 
dentition differs from that of Rhizomys and Spalax. The genus is not intro- 
duced into Mr. Alston’s synopsis. 


CARNIVORA. 

The remains of Carnivora are of somewhat rare occurrence in the Siwaliks, 
and therefore almost every specimen obtained is worthy of notice. 

Gray, P. Z. S. # 1830, p. 95. 

A. S. B-, Vol. XI, p. 887; XV, p. 141. 
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Genus: Feli^. 

Of a large Felis, which is probably F. cristata of Falconer, Mr. Theobald has 
obtained from Asnot the patella, the distal half of the femur, several metatarsal 
and phalangeal bones, and the olecranon. 

Of a smaller species, the radius, the calcaneum, and a portion of the left 
ramus of a mandible containing the alveolus of the canine, and the two premolars 
have also been obtained. I can at present say nothing as to the species to which 
this lower jaw belonged ; it possibly belonged to the same species as the cranium 
figured on plate XXVII, fig. 1, of the fifth volume of the “ Journal of the Asiatic 
Society of Bengal.” 

Genus: Hyjina. 

Of this genus Mr. Theobald has collected a tolerably perfect adult cranium, a 
broken adolescent cranium, exhibiting the carnassial in its alveolus, and a ramus 
of the mandible ; all the specimens seem to belong to one species. 

* Genus: Mellivora. 

In the unpublished plates of the “ Fauna Antiqua Sivalensis ” (Q, fig. 4), there 
occurs a figure of a cranium which in tho Index to the Plates is named Ursitaxus 
sivalensis ; now, the generic name Ursitaxus was proposed by Hodgson 1 for the 
Indian ratel, but is now disused in favor of Mellivora; Ursitaxus sivalensis of 
Falconer will therefore here and henceforth be called by me Mellivora sivalensis . 

The above-mentioned cranium seems to be the same as that figured on plate 
XXVII, fig. 4, of the fifth volume of the “Journal of the Asiatic Society of 
Bengal ” under the generic name of Gulo : the specimen is now in the British 
Museum. On fig. 6 of the same plate of the “Journal of the Asiatic Society 
of Bengal,” a nearly complete right ramus of the mandible of tho same genus is 
also figured; this specimen is not refigured in the “ Fauna Antiqua Sivalensis,” 
and I not know what has become of it. 

From the Siwaliks of Asnot, Mr. Theobald has sent the dental portion of a 
right ramus of the mandible of a species of Mellivora , which agrees precisely 
with the above-mentioned figured jaw ; the specimen is somewhat larger than 
the mandible of M. indica , while the figured fossil cranium is rather smaller 
than that of M. indica . These differences in the relative size of the two fossil 
specimens may be merely due to sex, as there is considerable variation in the 
size of the sexes of many Carnivora ; consequently the new lower jaw may pro- 
bably be referred to M. sivalensis . Except in the matter of size, I can see no 
difference between the mandible of M. sivalensis and M. indica , and they must 
have been at all events very closely allied. 


Genus: Meles (?). 

In addition to the last specimen, Mr. Theobald has obtained from Asnot the 
left ramus of a mandible which evidently belonged to some animal allied to the 
''IMgm, though I cannot be sure of the gemfe. The specimen shews the base 


1 Asiatic Researches, Vol. XIX, p. 60. 
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of the canine, and of the second premolar (the first having disappeared), the two 
last premolars, and the greater part of the base of the carnassial, its summit 
being broken off. 

The premolars are of the simple conodont type of the true badgers, while 
the carnassial is an extremely elongated and narrow tooth as in those animals ; 
unfortunately its crown being broken away, I cannot compare it with the tooth 
of the badger. The two last premolars are of nearly equal size, and have no 
cingulum, which distinguishes the jaw from that of Mdlivora ; the three last 
premolars are in close apposition, which distinguishes the jaw from that of 
Arctonyx. 

The jaw has exactly the form of that of Meles taxu$> but is considerably 
larger ; and I think it probable that the specimen should be referred to a new 
species of that genus. Meles is not found living in India, but occurs in Tibet and 
Persia, 1 and a skin was obtained by the late Dr. Stoliczka in Kashgaria, which 
renders it not improbable that the genus may exist in that country. 

Genus: Am pit ic yon. 

Of Ampliicyon palenindicus Mr. Fedden has collected in Sind a portion of a 
right ramus of a mandible, containing the second true molar, and the alveolus 
of the third ; the second molar is very like the corresponding tooth of A. major , 
but the form of the masseteric fossa differs in the jaws of the two species. 

Genus: HYiENARCTOS. 

Of the genus Hyamaretos the Indian Museum has lately received several 
specimens of the upper dentition, obtained by Mr. Theobald from the Siwaliks 
of the Punjab ; the new specimens comprise a right maxilla containing the three 
last teeth, a left maxilla with the three corresponding teeth, and the detached 
carnassials and first molars of both sides belonging to one individual. 

The second specimen and the detached teeth belong to If. sivalensis ; the 
first specimen, however, seems to belong to another species. The three teeth of 
that specimen occupy a shorter space than the same three teeth in H. sivalensis 9 
the length of these three teeth in the former being 3*1 inches, and in H. sivalensis 
3*4 inches. The most striking peculiarity of tne smaller teeth is in the form of 
the first true molar: in if. sivalensis the crown of that tooth is oblong in form, 
while in the new specimen it is somewhat triangular, the apex being on the inner 
side ; the inner ridge in the new specimen is also higher and shorter than in 
JET. sivalensis ; the carnassial and last molar are very similar in both jaws. 

The first molar of the new specimen is somewhat like the first molar of 
if. hemicyon from Sansans,* both alike approaching the form of the correspond- 
ing tooth of the dogs and Amphieyon ; the Indian specimen, however, lacks the 
inner cingulum, which occurs in the European form, and the former jaw is 
further distinguished from the latter by the form of the last molar, which is like 
that of IT. sivalensis. f 

1 Bl&nford : ‘‘Eastern Persia,” Vol. II, p. 44. 

2 Gervais • " Pal&mtologie et Zoologio Francises,” pi. 81, fig. 9. 
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The new specimen is unlike any other described species, and must conse- 
quently be referred to a new species, which I propose to call if. palceindicus . 

It may be not of out of place here to notice an upper molar of this genus 
which has been figured by Professor Flower in the August number of the 
Quarterly Journal of the Geological Society, 1 and which, as well as another 
specimen, was obtained from the English Red Crag. The figured tooth is the 
first upper molar of the right side, and agrees exactly with the corresponding 
tooth of Mr. Theobald’s specimens of if. swalensis ; the latter tooth being unworn 
and more perfect than those of Falconer’s cranium of this species (with which 
Professor Flower compared his specimens) are more suitable for comparison with 
the unworn English specimen. Professor Flower mentions that “the fine stria- 
tion of the surface of the enamel in lines converging to the apices of the cusps, 
which is beautifully seen in both the Crag teeth,” is very indistinct on the more 
worn Siwalik teeth; Mr. Theobald’s specimens, however, agree exactly in this 
character with the Crag teeth, and I can but adopt the opinion of Professor 
Flower that there is no specific distinction between the English and the first- 
named Indian Hyamaretos. 

In noticing the range of the genus, Professor Flower only alludes to its 
occurrence in Europe and Asia ; he might have added that it also occurs in the 
newer pliocene of South America. 2 

Alleged Cetacean. 

A cast of the bone referred to the Cetacea on page 103 of the ninth volume 
of the “Records,” has been submitted to Professor Flower, whp considers that it 
belongs to the Ungulata and not to the Cetacea ; there is, therefore, at present no 
evidence of the presence of the latter order among the Siwalik Fauna. 


The Paleontological relations of the Gondwana System : a reply to Dr. 
Feistmantel, by W. T. Plan ford, F.R. S., Deputy Swperintentlent , Geological 
Survey of India . 


Introduction . — I have allowed more than a year to elapse without attempting to 
answer any of Dr. Feistmantel’s remarks in the “ Records of the Geological 
Survey, although I cannot adxfiit that in his reply 3 to my first paper 4 he has 
either confuted my arguments, or, except in one case,' 5 of which I think he has 
exaggerated the importance, and tw ice when 1 had been misled by his owm mistakes, 
shown me to be in error. My reasons for waiting were partly that I had other 
matters of greater urgency to attend to ; partly that I hopod the irritation which 

J Vol. XXX, p. 534. 


•<X C. Marsh : “Address to American Science Association/* Newhaven, 1877, p. 46. ' 

8 Bee. 0. S. I., vol, IX, p. 115. 

4 lb. pp. 79. 

refers to the presence of Cy cade ace a in the lower Gondwanas. The only error I com- 
W in overlooking the fact that Noeggeralhm is classed by many writers as a Cycad. The 
plant are by no means determined with certainty See Geo! Mag 1876 p 489; 
43 J . Rec. a. S. I., vol. IX. pp. 118, 140. 
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Dr. Feistmantel exhibited at finding his conclusions were not immediately accepted 
might subside; partly, that I feel, in this discussion, that the contest is unequal. 
Dr. Feistmantel has the enormous advantage oft* thorough acquaintance with tho 
literature relating to fossil plants, whilst I possess but a very imperfect knowledge 
of the subject. 

Of the three different papers which Dr. Feistmantel has published in reply 
to my remarks, it is my intention to notice only one at any length. One of tho 
three papers, that published in the “Neues Jahrbuch ” for 1877,* I have only seen 
since thiB paper was first written, the number of tho “ Jahrbuch ” which contains 
it having, through some error of the agents or of the post, failed to reach the Survey 
library at the usual timo. The second paper appeared in the “Geological 
Magazine” for November 18 70. 2 The publication of these two papers is, ] think, 
a misfortune, and I believe Dr. Feistmantel has seen cause to regret having 
written and published them. 

The paper in the fourth number of the “ Records ” for 1876 stands in a very 
different position ; it appears as an official document, and should it not be shown to bo 
erroneous, it will certainly be supposed by geologists generally to have been 
accepted by the Geological Survey of India, and consequently as entitled to more 
weight than an occasional paper printed, without any official supervision, in a 
scientific journal. At the same time I cannot profess to answer every paragraph 
in detail. Dr. Feistmantel is a voluminous writer, and although tficro are many 
statements open to question in the numerous papers which he has already con- 
tributed to tbe Survey publications, I do not see tlie use erf attempting to answer 
them all ; I merely refer to them lest 1 should he supposed to acquiesce in every 
statement which I do not attempt to refute. Besides the various notices in the 
“ Records of the Geological Survey,” a long paper containing descriptions of some 
fossil plants from tho Damuda series in the Raniganj coal field has appeared 
in the “ Journal of the Asiatic Society of Bengal,” 1 * 3 and contains numerous state- 
ments of opinion as to tho relations of the beds and of their flora. With* these 
opinions, in several instances, I am unable to coincide. 4 * 

Reasons for publication of previous paper . — As much of the annoyance exhib- 
ited by Dr. Feistmantel at the publication of my former paper appears duo to 
my having written it before waiting till he had stated his views at greater length, 
and specially at my remarks appearing in the same fasciculus as his own, and as 
he has called attention to this circumstance in the “ Geological Magazine,” and 
in the “ Neues Jahrbuch,” 6 I think I am justified in explaining my reasons 
for acting as I did. Mr. Medlicott, the Superintendent of the Survey, left mo 


1 Leonhard und Goinitz, Neues Jahrbuch fur Mineralogies, Geologic and PuUeontologic, 1877, 
p. 14fr. 

* Dec. II, vol. III., p. 481. 

*J. A.S. B. 1876, pfc. 2, p. 329. 

4 There are also several remarks referring to members of the Geological Survey, and (’specially 
to Dr. Oldham, which are neither accurate nor just. See, p. 332, tho paragraph commencing 
"But the fossils” — and p. the fourth paragraph from the top of the page. 

*Lc.jPl491. 

b L Cm p. 148. 
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in charge of his office for three months, in July, August and September, 1876, and 
one of the duties entrusted to me was to edit the number of the “ Records ” for 
August. . One paper by Dr . Feistmantel, “On the Age of somo Fossil Floras in 
India,” had appeared in the previous number of the “ Records,” and a Becond was left 
with me in manuscript. *It appeared to me that both these papers were to some 
extent deficient ; that whilst numerous circumstances were stated in > favour of the 
writer’s views, some important conflicting evidence was omitted, and that previous 
observers were treated in some cases not quite fairly. The opinions put forward as to 
the age of the rocks ( and it should be remembered that, in Dr. Feistmantel’s two 
first papers especially, the term “ ago ” appears to ho used in a distinctly chronological 
sense ) seemed to me to be much more positive than was justified, even by the 
evidence adduced, and altogether I thought that if Dr. Feistmantel’s remarks were 
published, it was only right to point out that there was another sid^to the argument. 
I thought, and still think, that Dr. Feistmantel would have consulted his own 
reputation and the interests of the Survey by abstaining from publication until he 
had given. more study to the subject, and until he had more thoroughly mastered 
the language in which he wrote ; but as 1 was only in temporary charge of the 
Survey publications, 1 did not feel justified in refusing to print the paper which 
had been left with me. I liad, therefore, the choice of two courses to pursue : 
1 might as editor have appended a running commentary of footnotes, calling atten- 
tion to the points in which Dr. Feistman lei’s opinions and statements differed from 
those of other observers, or 1 might have written a separate paper, explaining the 
data on which I felt obliged to dissent from Dr. Feistmantcl’s views. The first 
course is one which I have personally experienced more than once, and which 1 have 
always thought an unfair advantage taken by an editor; I consequently adopjtcd 
the latter alternative as fairer and more courteous. I printed my remarks 
in the same number as Dr. Feistmantol’s, first, because it appeared to me 
unjust to others to allow Dr. Feistman tel’s statements to appeal without comment; 
secondly, in order to have the advantage of correcting the proofs myself, as 
it was probable that I should not be in Calcutta when the next number of the 
“ Records” was due. So far as I am able to judge, there was not a single line in my 
paper to which any objection could be taken on the scoi*e of courtesy and fairness, 
nor can I see that there is any cause for the annoyance which Dr. Feistmantel has 
since shown. Not only, so far as I can judge, was I perfectly justified in pointing 
out that there were several omissions in his paper, but it was to some extent a 
matter of duty to my colleagues to do so, and I endeavoured to accomplish this 
task without giving Dr. Feistmantel any occasion to suppose that he was harshly 
treated, or that I underrated the value of his observations. I can only regret 
having failed in my intentions, and that his reply compels me to call attention to 
matters! would willingly have forgotten. 

cArrmgwimt of present paper.— I proceed to the consideration of Dr. 
Feistmantel s various papers in the “ Records of the Geological Survey,” and espe- 
to that which appeared in the fourth, or November, number for 1876. The 

■ I propose to adopt is first to call attention to a few points on which I differ 
^Writer, or on which I think his remarks are liabld^o cause error, and then, 
|Sio {various groups of the Gondw&na system from top to bottom, to 



PART L] Blanford: P a latordo logical Relations of the Gondmina System. 107, 

enquire how far Dr. FeistmanteVs published views aro consistent with facts, 
and to notice in each case his objections to my arguments. I should perhaps 
commence by saying that my first objection to Dr. Feistmanters writing from 
beginning to end is that ho repeatedly omits to state tho whole of the facts ; ho 
brings forward just so much of the evidence as is in favour of his own views, 
and ignores the remainder. Of this 1 shall have occasion to give several instances. 
I quite believe tbis to be unconscious and unintentional on Dr. Fcistmontcl’s part, 
but it tends to invalidate his arguments so seriously, that it is impossible to leave 
it unnoticed, and it has this most serious disadvantage that, as most of his 
papers are upon a somewhat abstruse subject, it is almost impossible in general 
to tell what points have been omitted. 

The palaeontological contradiction,. — On p. # 115 1 Dr. Feistmantcl points out 
that on p. 29 he had fully noticed as a palaeontological contradiction the discre- 
pancy between tbe fauna and flora of the Kach group — that is, the Umia 
group of Dr. Stoliczka. This is correct, and 1 ought, perhaps, in my paper to 
have noticed it. Unfortunately, however, any one turning to Dr. Feistmantel’s 
paper to learn his views as to the “age” of the Cutcb (Kach or Kachli) beds 
would assuredly consult pp. 33, 34, whore a summary of the conclusions is given. 
These conclusions appeared to me misleading in two respects : they represented 
the various localities from which plant-remains had been obtained in Cutch us 
belonging to two distinct horizons, and the only palaeontological contradiction 
was said to be that plants indicating “ generally an age as old as the Bathonian 
or Bath oolite, and some of them a still older horizon ” were from higher beds 
than the ammonite fauna, which is “ not older than Bathonian. ” 1 was, 1 think, 

fully justified in pointing out that the contradiction was much greater than 
would be supposed from Dr. Feistin ant el’s remark. 

“ Premature conclusions” — At page 117 Dr. Feistmantcl writes — 

“I would next notice sonic points relating to tho lower Gondw&ia. groups upon which Mr. 
Stanford's conclusions were rather premature. It will appear (a) ( b ) that affi- 

nities of our Damuda flora with that of tlio mosozoie epoch and especially of the triaesic 
formation are overwhelming, and that the arguments for this conclusion are not derived from 
three species discovered only last year.” 

A reference to vol. ix, p. 82, will show that this is not a correct representa- 
tion of my language. I said “ main arguments, ” and by divorcing tbe phrase 
from its context, the expression is made to take a very different aspect from that 
intended. All I wished to point out (l. c.) was, that although Dr. Feistmantcl 
might be justified in considering the Damuda flora as triassic, his predecessors, 
who were ignorant of some of the facts since discovered, should not be blamed, 
as he had by implication blamed them, 2 * for coming to a different conclusion. 
The" only known connection of any importance between the Damuda flora and 
the European triassic flora, previous to the discovery of the three Karharb&ri 

1 Rec. <3K S. I., vol. IX, pt. 4. * * 

* Sc©t for instance, Rec. G. S. I., voL I<JC, p. 68. 4 * Itfaas been, and will perhaps yet be, endea- 

voured to show that the Indian Daxnuda series are of palaeozoic age, but I do not see where is the 

pr°of, ag the palaeontological results, the only possible proofs, indicate lower mcsozoic, Ike” The 
italic# are in the original. 



108 


Records of lltc Geological Survey of India , [vol. xi. 

plants belonging to Voltzia , Albert ia and Nenropteris was in the occurrence in both 
of allied forms of Schizoneurrt. In Dr. Feistmantel’s own conclusions (l. c. 
p. 77) tbo only Damuda species said to be triassic were Schizoneura Gondwanemis, 
Nonroptcris valida , Voltzia aentifolia, “ and perhaps Albertla speriosa, ” and’ I was, 
therefore, l think, not “ promaturo” in concluding that Dr. FeiRtmantel’s “main 
arguments ” for the triassic age of the Damudas, were derived from tho three 
last species, since ‘"the occurrence of the Scldzoneura alone would scarcely have 
sufficed to indicate the age of tlic beds. 

The differences between tho floras of the upper and lower Gondwdnas may 
not be quite so absolute as I thought that they were, hut still the difference is 
very great. The question as to the “ analogy with the flora of tlio lower coal 
strata in Australia” I will deal with hereafter. 

Tho Case of Muerotu niopterh.— On p. 118, in order to show that tho Damuda 
(lower Gond wana) formation is closely allied to # the upper Gondwima Itajinalials, 
Dr. Foisimantel thus insists on the resemblance between certain forms of Macro- 
teeniopteris found in the two series, and the distinction between them, and the 
European carboniferous forms ; in this instance tho object is to shew that the 
Damudas are nicsozoic — 

“There are amongst the Tmtiopferidce two forms which are very near to some from the 
Bdjmalial Hills Maerol&n ioplvrrt dance aides being very neur to M. lata, O. M. var. mustrfofia . . 
, . “Of course it may he said again tlmt these are genera of wide range, but yet the secies are 

distinct; so is the Macrolaniopferis /ala and danaioides well dibtiuct from Taniop Leris abnormis 1 
or Uermani or mulfinerms in tho carboniferous . . 

It should be noticed that in tho above extract, in order to emphasize the 
distinction between Tmiioptcris danceuidos and the European palaeozoic species, 
tho former is placed in the genus or subgenus Macrotamiopteris, whilst T. abnormis 
is classed with T. German,) in Ten iopf oris itself. 

A few pages farther however, (p. 128,) in what, is virtually a distinct paper, 
instead of proving the Damudas high in the series, the object is to show that tho 
upper Gondwanas are low down. The relations between tho various species of 
Macrotan iopteris are again discussed, but with a slight difference. Not a word 
is said about the Damuda Rpecios, but Dr. Sterzers notice of tho close relationship 
between the Raj m ah A. 1 species and Trnioptcrix abnormis is quoted with approval — 

“ Dr. Stcrzel says about these species (M. lata , M. mvsafolia, and M. Morris!) so closely 
ohied with T&nopt. abnormis , Outb., that there is scarcely any difference, and only tlu* formation 
separates them. For me it is a great satisfaction to see forms, which 1 have declared to be linssic, 
so nearly related with a permian one.” 

Contrast this with the last extract, in which M. lata was said to be "well 
distinct ’’ from Tanioptevis abnormis. But this is not all; farther on, at p. 137, 
a new Marrofttniopterik irom the Damudas is described and shown to be interme- 
diate in characters between tho ftfjmahal M. lata and the permian M. abnormis, 
and this piece of evidence is again brought in to prove tho Damudas triassic. 

* ° Out specie* holds a ini.'.ille Rlacn between the permian Tirniopl. (Marroleeniopt.) abnormis, 
CWifcv and the throe species of Marrotamioptn-is from^he Knjmalml Hills, and wo have, therefore, 
hi Oft* triassic hods, between the permian and jnmssir, a Macro, a-nioplrris . .* 

* Subsujuontly said to be permian. 
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Yet again p. 142, in a description of new fossils from the Damuda (Rani- 
ganj) group, Mactot&n iopteris dan aoides is mentioned once more. Hero, again, the 
object being to prove the Damudas mesozoic, Ttnu'opttris ah nor mis and its affini- 
ties are ignored, the resemblance between T. dan&oides and the LhijmahAl forms 
is again insisted upon, and the old arguments repeated. All the specimens are 
said to “ have a very mesozoic aspect and strikingly resemble certain specimens 
from the lias (Kcupcr ?) in the Alps. ” 

I admit that this matter is comparatively of trivial importance, but still it is, 

I think, only right to call attention to it, because it is a typical and characteristic 
example of what T cannot but consider a radical error throughout I)r. JYistman- 
tol's arguments. The whole of the facts, so far as I know, are stated in one place 
or another, but tho mesozoic or the palaeozoic relations of Mticroftc utopia is arc 
insisted upon, according as the one or the other is in favour of the writer’s 
arguments at tho moment. 

Criticism of ovo of J)r. Foist mantel' ft sent*, tiros . — To illustrate the peculiar 
form of argument further, I will take for criticism a single sentence. I)r. Feist- 
mantel first points out that l)r. Oldham endeavoured to show that the Dunmda 
flora was palaeozoic, that this riow had been questioned by Sir C. Bunbury, and 
that subsequent collections afforded “unmistakable evidence” in favour of the 
mesozoic 1 and, in the writer’s opinion, triassic age. Ho proceeds — 

“Already in the old collections from Rauigunj there were proofs enough. There were Schizo- 
fieura very frequent, there were’ one or two Sagenopicri s, Presl., Q lossoptoris , different from lliose 
in Australia. From K.'imthi there were specimens of Ttoniopirris (Macrotrrniopfrris and An- 
giopteridivm) of distinct real Fln/llothf ca , like that in the oolites in Italj ; there were again a 
quite different Glossopferis from those in Australia, different not only by the shape of the leaf, but 
especially by the fructification.” * 

Now, so far as the old collections went, the only Damuda specimens of 
Schizaveuru 3 which had been determined were from some of the highest beds in 
tho Iianiganj group at the top of the Damuda series : the form is locally abund- 
ant it is time, but, to the best of our knowledge some years ago, it w js only 
found in the position I have stated. The Sayt nopier is may bo mesozoic, but tho 
quotation of “ G lasso j tic ris different from those jn Australia,” is certainly no 
argument in favour of the mesozoic and triassic age of the Damudas. In tho 
first placo, it is only sinco Scliimpor’s work appeared in 18G9 that tho species of 
Glossopieris have been distinguished ; Dr. Oldliam thought differently, 4 and be it 
remembered Dr. Feisiranntcl is in this paragraph imputing blame to Dr. Oldham 

» 1. c., p. 119. 

4 I, of course, copy these extracts as they arc printed. 

3 In several papers, and especially in the “ Geological Magazine,” 1876, p. 488, and “Neues 
Jflhrbuch,” 1877, p. 155, Dr. Feist-mantel writes of Schizoneura as though it were excessively com- 
mon in the Damuda formation. This is, I think, a mistake. Schizoneura abounds in one or two 
beds in the Kaniganj field amongst the very highest Damuda (Raniganj) strata) and a large number 
of specimens were collected from these beds, so that the plant is peculiarly well represented in 
the Museum, hut so far as my. own experience goes, I have only found Schizoneura leaves in, 
I, think, two localities in the Kanigan) field. The stems may have been found elsewhere, but 
they are far less common than Yertehraria and Glossopteris. 

4 Mem. G. S.X., Vol. II, p. 328. 
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on the Rcore of tho knowledge which existed in 1860-G1, 1 not that available in 
1870, but even supposing that the forms are distinct, the presence of Glossop* 
ter is different from those in Australia is no evidence cither for or against tho age 
of Ibe Danmdas being mesbzoic or paiseozoic. 

The genus Tan iopteris (Mart ota n iopteris and Angiopterhlhvm) from K&xnthi 
is the next proof. Now/ when l)r. Oldham wrote, the genus Tamopteris had not, 
to the Iwst of my knowledges been divided into subgenora, and therefore the 
relations of the genus as a whole were to be considered. But the genus is 
palaeozoic as well as mosozoic, and Dr. Jfeistmantel himself admits, p* 137, the 
affinity between the Kamthi species and the permian one. Moreover, the specimens 
of Macrotan iopteris, if collected by Mr. Fed don, as Dr. Feibt mantel slates, wore 
not amopgst the old rolled ions, for Mr Fedden first went to Kumthi in I860, 
whilst Dr. Oldham’s last paper was published in 18(51. 

Then, amongst the Kimthi fossils there was 4 4 distinct real Phyllotltcra, like 
that in the oolites in Ttal}.” No mention is here made of the connexion with 
the Australian Phgllofhet a, admitted by every one to be just as closely allied to 
the Indian forms ns the Italian are. This is far from the only instance in which 
this important alliance is leifc entirely un mentioned, although it is, of course, 
noticed elsewhere. As 1 shall show presently, there is good evidence that tho 
Australian Plvyllothcf a occurs in undisputed carbon iforous beds. 

Lastly, the “quite different Ub^opti ris from those in Australia, different not 
only by the shape of the leaf, but especially by the fructification/ is again urged 
as proof of the Damudas being mcso/oic l Iioao already noticed this argument, 
supposing Dr. heistmantel to be correct in his facts; but is ho correct ? Tt will 
be seen that lie admits of no doubt oi question; the distinction in shape of leaf 
and fructification is asserted as a well-known fart, and from the context must 
be supposed to have been a fact sufficiently clear some fifteen or sixteen years ago 
Some quotations from Sir 0 Bunbury’s paper on the flora of the Kfimthi beds of 
Nagpur will serve to show how far the distinction was admitted as valid. Speak- 
ing of*Ty. Browniam var. 7 tala a, he su}s - 2 

4 * On comparing this Indian Glossoptt rt\ \\ itli tlie common Aubtralian G. Broirniana, allow- 
ing for the apparent differences produced by the nature of the stone, and the state of preservation 
of the specimens, I can find no satisfactory specific distinction ; the venation is essentially the 
same . * . Tho general form varies considemhlv in the Australian specimens, and is often quite 
as narrow as in those from Nagpur ; the apex also varies in the Australian plant, from very obtuse 
and even refuse, to rather acute, though I admit that it is never, in the specimens I have seen, as 
acute ns in the Indian. T have boon no trace of fructification in Australian specimens, nor is any 
mentioned by McCoy ; on the other hand, 1 am unacquainted with the rhi/oma of tho Indian 
Ghssoptens. I u the absence of theso important points of comparison, we cannot feel certain of 
the specific agreement of the two.” 

In another place Sir C. Banbury writes thus 

" Another and very striking eharaeterihtio of this Nagpur fossil flora is its close analogy with 
that ot the coal formation of Australia. The prevailing plaut in each of the deposits is a Gloss op- 

1 1806 according to Dr. Fi«stmantol, Roc. G. 8. 1., Vol. IX, p. 118, hut ho is iu error, as the 
paper referred to is datod 1st Juno 1861, and appeared^ in the first part of Volume ill. of the 
w JNEeiMi$% n published in 1861. Dr. Oldham’s first paper, too, was published in 1860, not in 1861. 

Vol. XVII, 1861, p. 328, 

\f 8 «. 
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te* is. and it appears (as far as wo can judge in the present state of our knowledge) to be 
actually tho very same species in both ? ” 

The above extracts relato solely to 0. Brownian a var. Fmlica, bnt tho typical 
form of G* Browmana , — identical in shape of frond with tho Australian species* 
or variety, — was also recognised by Sir 0. Bun bury amongst the Nagpur fossil 
plants. 1 * Surely this fact ought to have boon mentioned. 

Again, m regards the fructification. As is shown above, Sir C. Bunbury 
(writing in 1861, tho year in which Dr. Oldham’s last paper was published) had 
no information as to the fructification of the Australian form. The only inform- 
ation since obtained, as far as 1 know, is that published bj Mr. Carruthers in 
1872. 8 He says, speaking of some specimens from Queensland — 

“ Qlossopteris Brownian a has boon «,o frequently described and figured, that 1 find nothing 
additional worth recording from an examination of Mr. Daintm^b specimens, unless it be that 
one slices some indications of fruit in the form of linear sori running along the voinb anil 
occupying a position home what nearer to the margin of the frond than to the midrib. ” 

Tho fructification in flic commoner Nagpur form of Qhmoplirin (*7. Indita, not 
G. Jtroumiana) which is figured in Sir C. BunbuTy’s paper, 3 is of course cpiito 
different. But is the evidence of “ indications of fruit, ” observed only in one 
specimen amongst the numerous fronds of (JJossoph r/s Bro wuiann which have been 
examined, sufficient to justify Dr. Feistmuytel’s confident assertion that the 
Karathi Glowopieri'i flitters from “those in Australia” “ especially by the fructifica- 
tion?” and why is the existence at Kami hi of Globsopferin Brotrnlutia identical 
with the Australian form left unnoticed Y and is it fair to quote* information first 
published in 1872, in order to show that a writer in 1861 was guilty of ignorance 
for not being aware of sueh facts ? 

1 have criticised this passage at grcal length in order to show how very much 
Dr. Feistmontcl’s statements and arguments are open to question. The sentence I 
have taken is hy no means exceptional, but it is of course impossible to go through 
the whole paper in the same way. 

Proof of Mesozoic age. — Still, before quitting Ibis question of evidence, T may 
perhaps as well deal at once with Dr. Foist mantel's views of what constitutes 
“proofs of mesozoic ago.” Mr. Wood-Mason 4 is said to have brought a suite of 
fossils affording such proofs. Amongst the forms cited are Vericbraria and 
Alethopteris Lindleyana. In another place Dr. Feistmantel writes 5 — 

“ The Damuda flora exhibits itself quite decidedly as mesozoic and most naturally o£ triassic 
age, as out of thirty-one species known at present, there are nineteen distinctly mesozoic forms,” 

Or again 6 — 

“ The mosozoic (epoch) is marked by the following peculiar genera (of Dquisefacece). 

" Schizoneura. Sissimp. 7 SpJienophyllum , a peculiar form. 

Phylloiheca. Bgt. Vertebraria , &e.” 

Is this not a case of petitio principu ? One of tho questions in dispute is 
whether tho ago of the beds in Australia, in which Vertebraria occurs, is palaeozoic 

1 h p. 329. ft 1. c ., p. 121. 

4 Q. J, O. & 1872, Vol. XXVIII, p 3M. • J. A. S. R, Vol. XLV, 1876, pt. 2, j>. 337. 

4 1. c„ PI. VIII, fig. 1, 4. 7 This is, of course, n misprint. 

4 Roe. 0. S. I., IX, p. 119, 
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or mesozoic, ancTas the genus is unknown elsewhere, except in the Indian rocks, 
it can only he a mesozoic form because of its occurrence in those Australian beds. 
Now, those bods are held to be of palaeozoic age by authorities whoso opinion is 
bertainly entitled to some respect, and, as 1 shall show presently, the evidence 
in favour of this view has been, 1 think, greatly underrated by Dr. Feistmantel. 
The same argument applies to Phyllnlheca with oven greater force, because this 
genus is stated by Mr. Clarke 1 to occur in the Gl adopter h beds interstratified 
with marine carboniferous rocks, and if it be replied that Mr. Clarke may have 
been mistaken in his identification, and that there were no specimens of Pltyllo- 
theca in the imperfect collection from the lower Australian coal beds examined 
by Dr. Feistmantel himself, 1 would call attention to a letter from Professor 
McCoy to Mr. Daintrce printed in the “ Quarterly Journal of the Geological 
Society ” for 1867. 2 Profesbor McCoy is surely a competent observer, and as ho 
is, # and has always been, the mqst energetic advocate of a mesozoic age for the 
Australian plant-bearing rocks, his evidence may fairly be accepted in this caso. 
Ho identified certain plants from Queensland as GloiwpterU Jirowniana and Phyllo - 
theca Aushalis, and although it is not stated that the Pity I lot her a occurred with 
the Glowopteris, I do not think any one can rend the paper without understanding 
that the association of these two plants in the same beds is distinctly implied, 
and not only is it said that the Ghrsbopterh occurs in beds below those containing 
carbon iforous fossils, but Mr. Clarke expressly states “no Glossopterh has beon 
found in Victoria, Qucenbland, Western Australia, or in New South Wales, except 
in association with beds containing fossils of palaeozoic age,” 3 and tin’s same 
statement lias since been repeated even more emphatically by Mr. Daintrce.* 
Again, in another paper,' Mr. Clarke mentions that a plant found by Leichhardt 
in a bed “in the midst of, and far below,” others with lower carboniferous 
animal forms, was afterwards found to be a Fhyllothcca. In the face of all tin's 
evidence is it correct to write of the genus Phyllotheca as a pi’oof of mesozoic 
age, <^to quote it as a type peculiar to mesozoic strata ? 6 

As regards SphenophyUnm , the distinctions between the Damuda $. spec to mini 
(or S. trizytjia) and the palaeozoic species may bo of great importance, but still 
the fact remains that, except in Damuda rocks, the genus is only known from 
palaeozoic Rival a. Surely Dr. Feistmantel does not mean to argu6 that the peculiar 
form is mesozoic because it occurs in Damuda rocks, and Damuda rooks arc 
mesozoic because they contain the peculiar form of SjthenophyUum ? Yot in what 
other manner can the genus be quoted as ovidcnco of mesozoic age F 


* “Mines anil Mineral Statistics, ” section No. 1, opposite p. 206 and p. 166, “ The Greta beds 
aw not the uppermost with marine fossils, Imt beds with them Uofurl her to the cast, in whic h Phyllo* 
theca baa occurred at Harper's Hill.” See also the notes by Mr. Wilkinson, 1, c., p. 132. Those 
arc quoted in p* 129 of this paper. 

a Vol, XXItl, p. 11. ’ 

3 Q. h o. &, I860, Vol. XXltT, p. 10. 

* & J. 0- IMS, Vol. XXVIU. P* 288 

* 4 a. a mi> voi. x vn, P . 362. 

* fcft also l A, & n 1876, Vol. XL V, pi. 2. p. 3 J 7. 
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The nineteen distinctly mesozoic Damuda forms . — I have disposed of two out of 
the nineteen “ distinctly mesozoic forms ” in the Damudas, Sphenophy Uum specioswn 
or trizygia apparently not being included in the number. 1 2 The beds containing 
Nev/ropteris valida > Voltzia , Atbertia^ and Glossozamites , as I will show presently* 
must be separated from the true Damudas. The other mesozoic Damuda types 
"comprise Alethopteris Lmdleyana s* allied, it is true, to some European mesozoic 
forms* but equally close to A . Australis from the Newcastle beds of Australia or 
their representatives in Tasmania ; Macrotoemopteris , two species, the affinities of 
which have already been shown hot to be exclusively mesozoic : and Gangamoptcris , 
three species* classed as mesozoic on account of the occurrence of the genus in cer- 
tain beds in Victoria (Australia) , the assumption as to the age of which beds depends 
entirely upon the same evidence — fossil plants— as has been shown to be fallacious 
in 'New South Wales. One species of Gangamopteris, too, is common to the beds 
of Victoria, and to those of Newcastle (New^South Wales), always classed by 
Mr. Clarke as palaeozoic. It is quite possible that the Victoria beds may be 
mesozoic, 9 but there is no evidence that they are newer than the Ilawkesbury and 
Wyanamatta beds of New South Wales, and the animal remains in the latter 
exhibit palaeozoic affinities. It would be quite as just and reasonable to argue 
on this evidence that the Victoria beds are palaeozoic as it is to assume, as 
Dr. Feistmantel does, that the Australian strata containing Vertebraria and 
Phyllotheca are mesozoic. It is evident that out of the “ nineteen distinctly 
mesozoic forms ” only seven, viz., Schizoneura Gondwanensis, Actinopteris Bengal - 
ensis, Angiopteridiwm sp., three species of Sagencptcris, and one of Noeggerathia have, 
when the Karharbari plants are omitted, any claim to the title, and of those, none, 
except the Schizoneura^ can he said to be sufficiently known for their affinities 
to be clearly ascertained* nor, with the same exception* do any of the plants 
named belong to characteristic forms. Actinopteris is a common living genus, 
Sagenopteris is close to Glossopteris , and although it is highly probable that the 
European and American palaeozoic Noeggerathia! differ from the Damuda types, 
the latter are allied to Australian forms, and none are sufficiently well understood 
for their relations to be unmistakable. I fully grant that in arguing thus 1 
am raising minor objections, but my object is to point out that the evidence is 
strained by Dr. Feistmantel, and that any one arguing on the other side, and 
using, the same style of reasoning, could produce at least as good proof in favbur 
of coming to a diametrically opposite conclusion. 

The asserted absence of animals m upper Australian coal-measures. — These 
remarks tend to become so lengthy, that I can only notice one or two other points 
before proceeding to the second part of my subject. Dr. Feistmanters classifica- 
tion of th$ Australian coal-b&tring rocks 9 into Upper and Lower differs entirely 
from that adopted by Mr. Clarke and other Australian geologists, and the remark 
appended to the whole of the upper beds, including the Wyanalnatta, Hawkes- 

1 Bee. G. S. I, Vol. IX, p. 191. 

*See p.142.- * 

2 Rec. G, S. I., VoL IX, p. 123. The subject will be found more full) treated further on, p. 137 
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bury, and Newcastle groups, 1 “ No animals,” is of course a mistake, as is the 
statement on the next page, that the rocks of Bowenfels and Newcastle contain “ no 
animal fossils” (the italics are in the original). The fact that the animal 
fossils are fishes with palaeozoic affinities is omitted, and as it is impossible to 
suppose that Dr. Feistmantel was ignorant of this circumstance, the omission 
affords a good instance of his habit, to which 1 have already referred, of 
suppressing all evidence opposed to his viewb, but I have no doubt the assertion 
that “no animals are found in the beds” is an oversight, and that the author’s 
intention was to write no marine animals. 

In the table, however, at p. 125, illustrating the relations between the beds in 
Europe, India, and Australia, Dr. Feistmantel writes, under the heading of Coal- 
measures in Australia “ (a) — Upp&r coal-measures .... Flora only.” It is im- 
possible to acquit Dr. Feist mani el of a mistake in a matter of fact in this case. 

It is only to be regretted ^hat in this, as in numerous other instances, 
Dr. Feistmantel has not been more careful in writing his papers and in reading 
the proofs, since mistakes of this kind are certain to mislead readers who depend 
upon the writer for their information on a little-known subject, and who are 
just as seriously deceived by an unintentional slip as by a deliberate misstatement. 
The error is due to oversight of course, but mistakes in such matters tend to 
diminish the confidence we should otherwise) feel in the writer’s accuracy. 

Zevgophylhtes and Schizoneura . — In a footnote, p 119, Dr. Feistmantel points 
out that neither the Australian Z&ugophyl tries nor Noeggerath ia 9 is a Schizoneura, 
referring at the same timo to my having suggested that the Australian Noeggera- 
this might be a Schizoneura. In other papers the same matter is referred to and 
in much stronger language. 3 The mistake is entirely Dr. Feistmantel’s own. In 
his original paper in the “ Records ” a ho wrote thus : — 

“The fossils described as Zrugophylhirs, Brgt from India by Brogniarl (Prodrome, 121-175) 
%nd subsequently by Strzelecki (‘Physical Description of New South Walos, Ac/) seem to 
belong also to Schizoneura” 

And the same fossil is alternately called Noeggerathia and Zeugophyllites by 
different Australian geologists. 4 I am quite aware that Dr. Feistmantel, in a foot- 
note to his paper 8 on Raniganj plants, written after my papor was published, asserts 
that the words “ according to Dr. Oldham ” have been omitted at the close of the 
above extract ; but Dr. Feistmantel is responsible for the omission, not I, The 
correction, too, should have been in the “ Records,” and not in a footnote in the 

1 The occurrence of a fish in the Wyanamatta and Hawkesbury beds is, in fact, mentioned in 
the next page. The palseozoio affinities of the species are, however, not noticed. 

• J. A S. B., Vol, XLV, 1876, pt. 2, p. 345. “ It is also incorrect to consider, as Mr. W. T. Blan- 

ford has done, the Australian Noeggerathia as ? Schizoneura , Iffie two latter genera t&ing quite as 
distinct as the two former (Schizoneura and Zeugopy Hites) are from one another, and I think 
certainly that Mr. W. B. cigxke would be able to distinguish a Noeggerathia from a Schizoneura, 
and vioe versd.” w 

• Vol. IX, p. 69. 

• 4* J. 0. 8,, 1861, pp. 359, 360. In the latter pagt Mr. Clarke himself speaks of Noeggera - 

for ftmgopbgUitu). 

A B. B., Vol. XLV, 18S6, pt. 2, p. 346. 
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middle of a long paper, which nine-tenths of the readers of the “ Records ” in all 
probability never heard of. As the matter stands, Dr. Feistmantel charges me 
with his own blunder, precisely as ho did in the matter of Qangamopterie} 
although he subsequently apologized for his remarks in tho latter case. 8 

Part II. 

The age of the Gondwdna groups. 

I. — Umia (Koch) and Jabalpur. — 1 proceed to answer Dr. FeistmantePs notes 
on th6 age of some of the Gondwana groups, and will commence, as ho has done,* 
with the uppermost, the Umia beds of Cutch (Each or Kachh.) It is agreed that 
the Cephalopoda of these beds have uppermost jurassic affinities, and that the 
plants, which are in strata overlying those containing the Cephalopoda , are 
related to English lower oolitic (middle jurassic) forms, but it is urged by 
Dr. Feistmantel, in opposition to Dr. Waagen, 4 that 44 it is very possible that the 
full examination of th e fauna may modify the stratigraphieal relations as deduced 
from the Cephalopoda” and again, 5 “I may here remark that from a cursory inspec- 
tion I have made of the Each collections, I do not think they will bear out the 
inferences based upon the Cephalopoda as to the Tithonian horizon of tho upper 
members of the series.** 

It is as well to quote the first passage further. Dr. Feistmantel says — 

"There are certainly some mollusca that are generally of older ago than Portlandian, passing 
into the higher beds of Kach. 

"a. — I may mention only from the Umia group (which contains the Portlandian Cephalopoda) 
the very frequent occurrence of— 

“ Qoniomya V-scripta , which mostly occurs in middle jurassic beds in Europe. 

" Asiarte major , Sow., very near with Aslarte maxima , Oin., from middle Jura in Germany. 

"A Trigonia near Tngonia vau , Sharpe, from jurassic beds on the Sunday river in South 
Africa. 

"A Qomomya scarcely different from Qoniomya inflaia Ag., a middle jurassic form — also 
related with Qoniomya rhomb if era, Goldf. from liassic strata, ^ 

" A Trigoma very near to T. Herzogu , Hausm, from Enon on the Sunday river in South 
Africa. 

“ Some Trigonia allied with TV. ventricota in South Africa. 

" A portion of the lower jaw junction® of a Plesiosaurus which has mostly allied forms in the 
English lias— found near Borooria in the Umia group.” 

1 naturally feel some hesitation in disputing the opinions of the Paleon- 
tologist of the Geological Survey on palaeontological questions, and especially 
on so very elementary a subject as the value of palaeontological evidence, but 
I must confess that, supposing even that the above were a correct statement 
of the affinities of the fossils named. (and I shall show that it is not) ; supposing 

1,1 1 — — ' W . — — — - 

l/Rec, G. S. I.,Vol. IX, p. 122. 

I Bee. G. S. I., X, p. 76. 

■ Bee. G. S. I„ Vol. IX, p. 116. 

4 Pal. Ind* Ser. IX, Vol. 1, pp. 225, 238 ; 

* Bee* G. 8. 1., Vol. IX, p. 135. » 

4 Distal pqrtion or symphysis of the mandible is meant, not, as might perhaps be supposed, th# 
condyle. 
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that no relations to forms in higher beds have been omitted, and that the evidence 
is in no case one-sided, all I can say is that Dr. Feistmantel’s ideas upon paleon- 
tological evidence differ widely from what I have always supposed to be the ac- 
cepted views of geologists in general. I may be in error, bat I- should have 
thought that in upper Jurassic strata some species would certainly be found 
closely allied to middle and lower jurassic forms, and that a few might be identical. 
I notice that all the species mentioned except the Plesiosaurus consist of Lamel- 
libranchiate bivalves ( Pelecypoda ), and that Dr. Waagen, whose opinion on the 
subject is probably not given without reason, has especially referred 1 to alliances 
between some of the Umia Pelecypoda, and those of the Portland beds, and 
I have always been under the impression that the selection of a few forms 
from amongst a large number as evidence of the affinities of a fauna is liable to 
mislead, and that the true relations are only to be determined by a comparison of 
the whole. From the Portland group itself, there would, I think, be no difficulty 
in selecting half a dozen species of mollusca allied to middle or lower jurassic forms. 
Perhaps the value of the evidence adduced, assuming it to be correct, may be 
best shown by taking a parallel case. 

The cretaceous beds of Southern India comprise a group representative of the 
upper cretaceous rocks (white chalk with flints or Senonian) in Europe. In this 
Southern Indian group, that of Arialur, amongst other fossils, the following occur 8 — 
Nautilus Bouchardianus , found in Europe in the gault (middle cretaceous), 

N. C lenient inus „ „ gault. 

Ammonites Veiled ce „ „ neocomian and middle cretaceous, 

A, Deccanensis "i belonging to the group of macrocephali and allied to European 
A. Arrialoorensis j jurassic forms, 

Eulguraria elongata (V obit a elongata , D’Orb.) found in European middle cretaceous beds, 
Cerithium trimonile „ gault, 

Euspira rotundata ( Turbo rotmdatus, Sow.) „ upper greensand, 

Ziziphinus Geiniizanus „ Hippuritic limestone 

(Turonian), 

besides Ammonites Gardeni and Euchrysalis gigantea, found also in South African 
beds supposed to be of Cenomanian (upper greensand) age. These identifications, 
be it recollected, with the exception of the two macrocephali ammonites, are speci- 
fic ; they are not mere cases of related forms, as in the fauna of the Umia beds, 
and the list might be considerably increased if every form allied to European 
middle or lower cretaceous species were quoted. Yet there cannot be the slight- 
est doubt that the fauna of the Arialur beds is typically upper cretaceous, taken 
as a whole. It is, I think, needless to adduce further evidence to show of how 
little value the argument against the upper jurassic age of the Umia beds would 
, be, even if it were correct. ^ 

But then comes the question— How for is this evidence correct? Three of Jte 
. six mollusca mentioned are Trigonia allied to the South African forms IV. vam/p*, 
fferieogi? and IV. ventricosa, and Dr. Feistmantel, quite correctly I believe, pointimit* 

t r • 

im&k # Kec. G.S. I, Vol. IX, p. lie. 

s*. i, m. v. 
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that “ there is a great affinity of some of the fossils in the uppermost beds of 
Each with forms from the South African strata on the Sundays and Zwartkop 
rivers-” He proceeds to show that these South African fossils- were at first sup- 
posed by Krauss to be lower cretaceous ; subsequently they were classed by Bain as 
liassic, and finally by Sharpe and Tate as of the same age as the great oolite of 
Eng land (middle Jurassic). Now, Dr. Feistmantel has, 1 think, overlooked Rome 
later information than that quoted by him. Tate 1 is the last writer noticed, and 
he, like all previous observers, supposed the upper portion of the Uitenhage forma- 
tion, from which the jurassic fossils described came, to consist of a single group, 
although he noticed 3 the occurrence of two cretaceous forms, a Hamites and a 
peculiar Orassatella allied to a neocomian species. 

In a paper “ On some Points in South African Geology” 3 by Mr. G. W. Stow, 
published four years after the appearance of Mr. Tate’s description of the fossils, 
it was shown that the jurassic beds belonging to the Uitenhage formation on the 
Zwartkops and Sundays rivers comprised several different gfoups distinguished 
by their fossils. 4 The most important section is the following on the lower 
Sundays river : — 

POST-TERTIABT. 

Ufpeb JUEASSIO — 

1. Few and small Trigonice. 

2. Zone of Trigonia ventricosa and Tr. vau, with Qervillia dentata, JSxogyra 

imbricata , &c. 

8. Few Samites and wood. 

4. Zone of Modiola (M. Baini) and Samites , Belemnites ( B. Africanus), Ancglo - 
ceras (?), Trigonia Qoldfusi, Orassatella complicata . 

Strata hidden. 

LOWBB JURASSIC— 5 

6. Astarte Serzogi , Trigonia Serzogi, Pleuromya lutraria. 

Before proceeding further, it is perhaps as well to notice that, of all the Umia 
species mentioned as having supposed middle or lower jurassic affinities, t*^ most 
important is Trigonia ventricosa , because it and another Trigonia , Tr. Smeei, are 
amongst the commonest and most characteristic fossils of the group, and because 
both forms are ako found on the eastern coast of India in beds associated with 
others containing upper Gondwana plant-fossils. Tr. ventricosa too, it should be 
remembered, is closely allied to the Indian, middle cretaceous Tr. tuberculifera ® 


» Q. J. G. S. 1867, Voh XXIII, pp. 139, 164, 169, &c. 
a 1. c., p. 166. 

*Q. J.G.S. 1871, XXVII, p.497, # 

* 4 See especially 1. c., fig, 3, opposite p. #00. 

4 The term * lower* is probably merely intended to signify that the beds named are inferior in 

f ition at the locality. The age of these beds cannot well be earlier than lower oolitic, which is 
many geologists classed as middle jurassic, lias being lower jurassic. 

6 Pal. Ind., Ser. VI, p. 315. In a footnote to the description of this shell, Dr. Stoliczka 
.points oat that although some of the fossils associated with Tr. ventricosa, and described, together 
with that species, as cretaceous by Krauss, are clearly jurassic, others appear to have cretaceous 
affinities. Dr. StoHcika wrote in 1871, before Mr. S tow's paper appeared. 

# 
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For the moment, it will be as well to attend to Trigoma vetntrwsa and IV. vm 
alone. Both these shells were found elsewhere in the district near Port Elizabeth 
in beds supposed to be at a lower horizon, but they are there comparatively rare 
and isolated , 1 whereas in the uppermost bed on Sundays river they are so ex- 
tremely abundant as to be characteristic. The next bed below the Trigonia zone is 
very* important, because it is the only one containing Samites Africa/nvs and the 
lowest with Orassatella complicata, both forms with distinct cretaceous affinities,* 
but another tpecies peculiar to the bed is Belermites Africanus, a near ally of B. 
Grantianus' ( B. Kmkotmsis of Waagen) one of the most typical fossils of the 
Katrol group of. Cutch, and ranging into the bottom beds of the Umia group. 
At the same time amongst the remaining fossils in the Modiola and Samites Zone 
on the Sundays river one is identified with Trigonia Goldfusi , s a lower oolite 
(middle jurassic) fossil, and Modiola Baini is also related to a great oolite species, 
but the Modiola and Mytili are by no means characteristic forms, and cretaceous 
or even later allies>might easily be indicated. In another stratum on the Upper 
Sundays river , 4 together with Modiola Baini and apparently on the same 
horizon, Ammonites subanceps is found, and this form is but dubiously separable 
from A. anceps of the lower Chari beds in Cutch and Callovian of Europe. It is 
thus evident that there is too large a representation of middle jurassic fossils to 
justify the reference of the Eamites bed to neocomian, but still there can be no 
question of its occupying a very high jurassic horizon, and the zone of Trigoma 
vmtricosa and Tr. van is even higher. 

Trigonia Serzogi , in the section on Lower Sundays river, was only found at a 
considerably lower horizon than Tr. vcntricosa, but on Upper Sundays river it was 
found in a bed overlying the Modiola zone and apparently, according to 
Mr. Stow, as high in the series as the Tr. ventricosa band. 

Gervilla dentata of the Hamite bed on Sundays river is apparently identical 
with a species found in the Umia group. If not identical, the forms are very 
closel^alHed. 

A comparison of Mr. Lydekker’s remarks 5 on the fragment of a Plesiosaurus 
man dible from the Umia beds, will show that Dr. Feistmantel overrates the 
importance of the occurrence. Plesiosaurus ranges from lias to cretaceous, and 
the occurrence of more numerous species in the former is due to the preservation 
of many specimens at one favoured locality. As the mandibles of the upper 
oolitic and cretaceous forms are not known, the fragment from the Umia beds 
wee at first compared to a liassic species, but it subsequently proved to be distinct. 

The specimens attributed to Goniomya V. script a I am unable to findin the 
Survey collections. It is possible that there #may be some mistake about the 
* identification, and I have reasons for believing that the fossils at first supposed ^ 


*1, <vp. 602. 

• See Tates Q. J. G. S. f 1867, vol. XXIII, pp. 150, 160, 165. 

•Ibis species, however, ip South Africa appears to pass up into beds of probably cretaceous 
age ,8trtfc : i e,* pp. 513. 5 H 
\ L a, p. SOS. 

ii&A I., M IX., p* 154 ; vol. X., p. 41. 
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by Dp. Feistmantel to represent the Goniomya belong to Trkjonia van . The only 
Goniomya I can discover certainly resembles G. inflate but the specimens are not 
vely good. This' species and Astarte major are in fact, so far as I can see, , thp 
only forms mentioned by Dr, Feistmantel which really indicate an alliance be- 
tween the Umia fauna and that of middle Jurassic beds. * 

It is scarcely necessary to point out how very strongly the evidence of the 
Trigonice confirms Dr. Waagen’s views of the upper jurassic affinities of the 
Umia group ; as the Cephalopoda of the group are confined to the lowest beds, 
it is quite possible that the upper portion, containing the plants, may be of 
wealden . or even neocomian age. The only marine fossil known to bo found 
above the plant-beds is Tr. Smeei (lam not sure whether Tr. ventricosa accompanies 
it or not) and there is no reason why this species should not range into lower 
cretaceouB. This position would quite accord with the circumstances of the Umia 
group being immediately succeeded by strata with upper neocomian Cephalopoda , 
if the former pass up into the latter. It is not, however, clear from Dr. Stoliczka’s 
notes whether this is the case or not. 

Of course all that has been said as to the impossibility of determining 
the horizon of beds from the affinities of a very small percentage of selected 
fossils is ■ equally applicable to Dr. Feistmantel’s remarks on the Katrol and 
Chari beds . 1 Is the occurrence of a single middle jurassic Mcmotis in the Katrol 
group, and of a liassic species of the same genus in the Chari beds of any weight 
when compared with the mass of evidence afforded »by the cephalopod fauna ? 2 

• In the sub-divisions of the Chari group alone there are thirty-nine Cephalopoda , 
either identical with European species, or so closely allied that Dr. Waagen, who is 
not addicted to uniting species, does not separate them. We are actually asked 
to doubt this evidence on the strength of a single species of Monotis. It would bo 
as reasonable to suppose the Chari group cretaceous because it contains two 
Terebratula , which have been referred to the cretaceous species T- sella and 
T. biplicata . 

Again as to ParasucJms , the identification of the Maleri flora with that of 
Jabalpur was hazardous, to say the least, but whether the identification was 
correct, or whether, as now appears probable, the Maleri beds are older than the 
Jabalpur group, either they are not triassic, or Dr. Feistmantol’s own identi- 
fication of them is wrong. Why then, in order to make out the Cutch beds 
older, does he write 3 of u Parasuchus; a vertebra of that Crocodilian fossil which 
is looked upon as Triassic, and which occurs frequently with the Jabalpur flora 
near Maleri, *which latter is identical with our Kach flora.” Mr. Lydekker 4 has 
since shewn that the generic identity of the Cutch and Maleri fossils is uncertain. 

Before concluding these remarks on the CutcJh beds there is one more point 
to which I have to take exception, aqd that is the classing together of the Umia 


* Bee. 0. S. 1., vol. IX, p. 116. 

* Pal. lnd., Ser., vol. IX, pp. 226-230. j 

* Bee. G. 8. 1., vol. IX„ p. 116. See also Pal. Ind., Ser. II, pfc. 2, p. 5 7. 
4 Rec. G. S. 1,, vol, X, p. 35. 
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and Katrol groups of Catch, without, sq far as I can see, any Efficient evidence 
being produced in justification of the change. 

In the introduction 1 to the description of the flora of the Gofeapilli feeds , 
(Rajmahdl) referring to Trigonia ventricosa and to its occurrence in some beds a£ , 
Innaparazpilli jear Coconada, Dr. Feistm&ntel writes, “The same form occurs in f! 
the upper beds (Umia and Katrol),” and a few lines further on, “ As now the upper 
beds in Kach, with that Trigonia , are called Umia and Katrol (both -feeing' thus 
joined by the most common fossils), these Trigonia beds near Innaparazpili may 
be taken to represent both these groups in Kach.” On the next page 2 the 
Sriparmatur and Ragavapuram beds are said to be overlaid by Katrol and Umia 
deposits, and in a table showing the supposed relations of various upper Gond- 
w&na groups, the higher beds in Cutch (Kach) are classed together as Umia- 
Katrol. There are, I may add, several points of correlation in this table which 
are, to say the .least, open to question. * 

Trigonia ventricosa may be found in the Katrol group, although I can find no 
previous mention of its occurrence, but it is certainly not common, and it is mis- 
leading to say that the Umia and Katrol groups “ are, joined by the most common 
fossilB.” Altogether, forty-five species of Cephalopoda have been found in the 
two subdivisions of the Katrol group and ten in the Umia, and of these only one, 
Belevnnites Kunkotensis , is common 3 to the two, another being indicated as doubt- 
fully identical . 4 So far as I am aware, too, the characteristic bivalves of the 
Umia group do not occur in the Katrol beds. I think Dr. Feistmantel may have 
expressed himself ill, and that what he really means is that the plant-remains of # 
the two groups are similar, but it is scarcely correct to speak of these as the 
most common fossils, for they are rarer than marine fossils in the Umia group, 
and in the whole Katrol subdivision they have hitherto only been detected in one 
locality. 

Kota-Male ri beds. — On these I have very little to say. They were at first, 
cla^spd by Dr. Feistmantel as Jabalpur beds 5 on account of the occurrence of two 
Jabalpur species of Conifers, Palissya Jabalpurensis and Araucarites Cutchensis, and 
a supposed lower portion was separated and considered equivalent to the R&jma- 
h£l group® on account of the occurrence of Palissya conferta and Chirolepis 
MuensterL This view was adopted at first by Mr. Hughes and Mr. King on the 
evidence of the plants. It is instructive, and it affords an example of the risk of 
placing too much dependence on fossil-plants, to find that the discovery of additional 
species in the Kota-Maleri beds has shown that the rocks contain a mixture of 

f »■■■ — 

» Pal. Ind., Ser. II, pt. 3, p. 164. 

Uc* p.106. 

; * Pal Ind., Ser. IX, p. 4. Atp. 232, however, Dr. Waagen says that not a single species 

■ passes from the Katrol into the Umia group. The doubtful identification is 5, claviger . 

- ''*i c.,p.7. : 

kV , : 4:JSec, G. & I. VoL IX. pp. 86,194-185. 

1,1.4, M. fed, 8«. a,.®. 67, M* 180. See also Mr. King, Re* G. «. I* 
fjjMfcc, Subsequently Or. Feistmantel modified his statements about the abaolnte aeparfc* 
group* in the Gondwina region, liec. G. S. I., X, p. ay, but the mischief was done. * 
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Jabalpur a&d Rjjmahil forms, and that the separation of the beds with It&jmahtfJ 
fossils is untenable. 

In two or three cases the reptilian fossils of the Kota-M&leri beds are quoted 
by Dr. Feistmantel as liassic. Thus, in one instance 1 he writes, “ Remains of 
Lepidotus and of Syperodapedon have also been found in the Ocratodus beds indicat- 
ing the same liassic formation and again, 2 “ In the Wardha field . . . the same 
flora (Jabalpur) is associated with liassic terrestrial animals.” The only liassic 
forms are fish ; the' sole animal of probably terrestrial habits hitherto described 5 * is 
Syperodapedon , which in Europe is exclusively triassic, and the affinities of both 
Paras'ttchus 4 and Ceratodvs are unmistakeably triassic. It is, in fact, the association 
of characteristically triassic types wiih equally marked liassic geneva in the same 
group of rocks which adds so greatly to the interest of the Kota-Malevi beds’ 
and the circumstance that these remains are clearly insufficient to enable tho 
geological ago of the beds to bo accurately determined shows how cautious wo 
should be in attaching weight to tho far less characteristic plant evidonce. 

IMjmahal group. — I n proceeding to the Rajmah&l flora 1 should, perhaps, 
commence by saying that Dr. Feistmantel may possibly be correct in considering 
it liassic, but I think he fails to prove liis case, and I cannot but believe that tho 
emphatic assertion and re-assertion that the flora is liassic, on every page of the 
“ Palcoontologia Indica,” 0 from title to colophon, is a mistake. I think the argu- 
ments in favour of the flora of tho Umia group of Cutch being middle jurassic 
are certainly stronger than the instances brought forward to prove the liassic 
affinities of the Rajmahals, and yet 7 flic apparent connexion in the first in- 
stance is misleading. 

I shall not attempt to go into the question of the Rajmahal flora in detail. 
I simply take Dr. Feistmantcl’s own data, as fully given in the “ Palmontologia 
Indica,” 8 and I find that fifteen species are said to be closely allied torhjrtic fossil 

1 Rcc. G. S. I„ Vol. IX, p. 135. 

* Pol. Iild., Sor. II, p. 66*. ‘ 

®Q.J, G S., Vol, XXV, 1869, p. 138. It may be thought that I am descending into 

trifling details, and that it is unfair to quote what may, after all, be misprints, I can only say 
that I am merely taking a few instances of mistakes almost at random, and I could give many 
more. Whether liassic is a misprint for triassic, or whether the mistake is due to carelessness, 
the effect is the same. I should probably have omitted the paragraph but for finding the following 
statement made by Dr. l^ist mantel about the Kota-Maleri fossils in tbe last number of the 
M PalsBontologia Indica” containing the description of the Jabalpur Flora, Ser. XI, pt. 2, p. 102-22, 
“ We know, for instance, that Syperodapedon in England is a Trias* ic Dinosaur! an, and so is 
Belodon in Germany.” • 

I regret having to call attention to such mistakes, but it is not fair to the other members of the 
Survey, who have been mercilessly criticised bj Dr. Feistmantel, that errors like this should be left 
utmoticed/ It must be remembered that Dr. Feistmantel has always had proofs of his papers, and 
consequently is fully responsible for any errors in them. 

4 Q. J. G. S., Vol. XXXI, 1875, p 430, &c. 

4 Itec. G, S. I„ Vol. IX, p. 84. — Pal. Ind. Ser. IV, pt. 2. p. 17. 

9 Ser. II, pts. 2, 8 $ soe also Rec. G. S. I., Vols. IX, X, passim . 

9 Rec. G. S, I., Vol. IX, p. 82. 

* Ser. II, pp. 148, 187, &e. 
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plants and only three to liassic, two out of these three having equally dose 
rheetio affinities. Omitting these two, the rhestic affinities of the R&jmabil 
flora are shewn to he in proportion to the liassic affinities as thirteen to one, or in 
other words, the connection with the European lias is only one-thirteenth of the 
affinity to the rhestic. Not a single identical species is known *with certainty to 
oocur in either case, 1 * the only suggested identification, that of Pterophyllwm 
propinquwm, being, , as Dr. Feistmantel himself notices, founded on a fragment too 
imperfect for accurate determination. 

It is perfectly true that besides the liassic and rheetic forms, there are shown 
to be four or five Rajmahal species 8 related to middle jurassic (lower oolitic) 
plants, one being identical ; and this argument, which is indicated, though not so 
clearly as could be desired, in the 4th paragraph on p. 160, is the only one of wf 
value urged. At the bottom of the page, however, Dr. Feistmantel says, (t We 
have, therefore, fossil plants which exhibit Liassic character, with; some forms 
having their representatives in the Rhaetic.” Everywhere, on page after page, the 
liassic relations of the flora are insisted upon, and it is only when, turning from 
assertions to facts, the reader commences to examine the relations of the plants 
in detail, he finds liassic affinities are scarcely shewn to exist. Of the style of 
argument adopted, I will quote only one instance. On one page 3 the genus. 
Palissya Is said to be known only from rhsetic strata ; on the opposite page, near 
the bottom, is the following line, “Conifers. Palissya indica, Fstm., indicating 
lias.” 

The real fact, so far as I can judge from Dr. Feistmanters data, is that the 
R&jmah&l flora has very little similarity to any known fossil flora in Europe. 
There is a certain generic connexion with certain lower and middle mesozoic plants, 
but there is absolutely less similarity to the rather poor flora of the lias than there 
is to the rhfiBtic or even to the oolitic flora. To label the flora as characteristicaUy 
lias is, I think, a mistake, and will lead to error. 

Ihti's so difficult to hunt out anything through Dr. Feistmantel’s multifarious 
notes and descriptions, of which I trust I may be pardoned for saying that the 
arrangement might be improved with advantage, that I may have overlooked 
some reference to the relations between the R&jmahal flora and that of the 
Uitenhage formation in South Africa, but I have not found any notice of this 
important fact. 4 * * * The latter flora occurs in the Geelhoutboom beds or wood bed 


l At p. 160 several liassic plants are enunciated, Alethopteris WMtbyensie, PwOpterU 

2Febhe%8ut, Thinnfeldia rhomboidalis , &c., and are said to have near analogies in the BijmaMl group. 

In the “ General table of the fossil flora of the JRijmahdl group with relations and analogous forms 
in other formations,” pp. 143-148, and at p. 155 in the list of characteristic plant -remains of the 

group and their age, it is shown in several instances that the affinities of the BAjmah&l species 

with rheetic plants are closer than with the liassic forms subsequently mentioned, 

* Sphenopteris arguta, Pterophyllum fusum, Williamonia sp.» Arauoarites maoropterus and 
pethap* Hymenopkyllttes Bunburyanus. 

aer.'tt p. xm: ** 1 ■' v 

S. 1667, Vdl. XXIII, pp. 144, 1F>9, &c. I think the connexion has been , 
Feistmantel & the u Neues Jahrbuch,” hut I am unable to find the passage. 


ites Q. J. G. 
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series, which underlie the rocks with upper and middle jurassic fossils on Sun- 
days and Zwartkops rivers, and overlie the Enon conglomerate at the base of the 
TTitenhage formation, to which succeeds in descending order the Karoo series, 
classed by Tate as triassic, but probably, in part at least, older. The following 
plants have been#described l 

Filices. 

Pecopteris Atherstonei I both nearly allied to 1 J (Alethopteris) 

P. Bnibidgei J Indie a, a Rajmuhal form 

P. Africana . 

Asplenites (or Pecoptcris) lobaba> a Rajmahal species 

Sphenopteris antipod uni. 

Cydopteris Jenlinsiana. 

Cycadace*. 

Palaozamia (Otozamites) recta. 

P. (Podozamites) Morrisi. 

P. Bubidgei. 

P.? Africana . 

CONIFEKJS 

Arthrotaxites (Fjclthtostrobvs) Indie us ?* closely allied to a Raj- 
mahal plant, if not identical. 

Lower Gondwana. — Panchet group. — If the age of the Panchet group were 
determined by the plant fossils, there can be no question, on the strength of the 
evidence adduced by Dr. Feistmantel, J that these beds would have to bo classed as 
rhsetic. Of the four species identified, two are said to be European rhff'tic 
forms, a third is closoly allied to a rhsetic species, and the fourth, Schizoneura 
Gondwanmsis , though most closely allied to a lower triassic species, belongs to a 
rhsetic genus. Now this evidence, so far as it goes, having regard only to the 
percentage of similar forms, and not to the total number of species, is stifffigor 
than that on which the Umia bods of Cutcli were classed as lower oolitic, and 
the Damuda series as lower triassic, and incomparably superior to that which is 
said to distinguish the R&jmahal flora as liassic. Why, therefore, does Dr. 
Peistmlmtel in this case class the Panchets as “ representative of the highest 
trias (Keuper)” P 

The reason is not far to seek. It has already been noticed that the relatiops 
of the R&jmah&l flora, so far as that flora has any real connexion with European 
fossil plants, is rhsetic rather than jurassic. But the Panchet flora is also rhsetic. 
Now, between the Panchets and Rfijmahals there is by far the widest break in tbe 


1 1. c. See also p. 148. 

* This species has been re-named by Dr. Feistranntel Jtajmahalensis. No valid reason, so far 
as I am aware, has been assigned for the change. 

• Bee* G. S, I., Vol. IX, p. 65. Twy forms of Olossopteris have since been added. It c. 

'G, S. I, Vol, X, p, 189, bat they do not much affect the argument, as they are said to pass into 
higher beds. , 4 
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■whole Grondwina system, a break amply shown to exist both on paleontological 
grounds, and, which is of far greater importance, on geological evidence. With 
the Panchet beds the reign of ferns and EqimetacecB appears to end, the flora of 
the upper beds (I am simply taking Dr. Feistmantel’s own data) consists very 
largely of gymnosperms, ferns being relatively less numerous, although still 
abundant. The geological break is unmistakeable. In the coal-fields of the Damuda 
valley, the Panchets, together with the underlying groups, were upheaved and 
disturbed before the intrusion of the trap dykes believed, on good evidence, 
to be of RAjmahal age. Now, to admit that the beds above, and those below 
this huge break, both belong to one of the smallest groups of the European series 
would be tantamount to confessing the fact that fossil plants are worthless for the 
determination of minor divisions, consequently tho upper, beds are pushed up 
into the lias with which they have little or no connexion, and the lower groups 
fitted into one of the established grooves in the trias with which they are equally 
unconnected* I quite admit the temptation, to every one who is fond of order and 
who prefers certainty to doubt, to adopt this plan of pigeon-holing strata, if I 
may so term the process ; it is neat and compact, and it has only one objection, 
which is, that it is radically false and unscientific. That the affinities of the 
Panchet fauna and flora are, on the whole, triassic, is not new, and the only additional 
evidence obtained of late years, such as the further examination of the reptilian 
fauna of South Africa , 1 and the classification of the Labyrmthodontia , 2 whilst by 
no means conflicting with tho original opinion that the Panchet beds might bo 
lower mesozoic or upper palaeozoic, is a warning against an attempt at correlating 
these Indian formations too closely with the European sub-divisions. To define 
the relations of the Panchet group by substituting Keuper for trias is, I believe, 
a retrograde step in the ^present position of our knowledge ; the gain is merely a 
change in names, not in acquaintance with facts, and the nomenclature is more 
likely to need subsequent correction. 

Damuda series : Mdngli beds . — Before entering into the question of tho rela- 
tions of the Damuda flora, I must devote a few words to the Mangli beds. I 
believe that Dr. Feistmanters expressed opinions as to tho relations of these, beds 
are untenable. The question is partly paleeontological, partly geological, and, 
as the first alone has been treated by Dr. Feistmantel, I shall deal with i£ before 
the other. 1 The opinions from which I dissent will be found at length 8 in a 
“ Note on Estheria in the Gondwana Formation,” and I would beg any one who 
wishes fully to appreciate the importance of the facts I am about to state,, before 
going farther, to* read Dr. Feistmanters remarks. He concludes that “tho 
M&ngli beds cannot belong to the Damuda series at all, and that they are rather 
to be considered as the uppermost continuation of the Panchet group.” This 
opinion, it must be remembered, is opposed to my own 4 after I had examined the 


* Owen « > Q. J. G. S., Vol. XXXII, p. 362, and Brit. Mns. Cat., S. Af. Kept. 
' Brit As. 1874, pp. IStf, &c. 

; & a i* voi. x, P . 26. 
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rocks, and to that of Mr* Hughes , 1 although the latter was founded on a thorough 
and exhaustive survey of the whole country. 

The plant evidence is very slight, and I do not understand Dr. Feistmantel 
to attach much importance to it. The only recognizable fragments consist of two 
stems, and these are so poorly preserved that Sir C. ( Bunbury , 2 who had, I believe, 
quite as good Specimens as those examined by Dr. Feistmantel, was uncertain 
whether the one was a lycopod (Knorria) or a conifer, and whether the other 
should be referred to StUjmaria or to a fern. Dr. Feistmantel may be correct in 
saying that be is “convinced ” that the first is a conifer and belongs to Palissya , 
but it may fairly be questioned whether the suggested identification of such 
fragments with the rhrotic P. Brauni is of any importance. The other specimen 
Dr. Feistmantel says “ is certainly a fern stem ” and very similar to those do- 
scribed from the rhaetic beds in Bavaria. This may be quite correct, but the value 
of the evidence is so small that it may safely be disregarded until very much 
more is known of fossil fern stems. As to the supposed Paliayya, a stem, 
which is not uncommon locally in the ironstone shales of the Damuda beds, 
has a striking resemblance to the Mangli fossil; so far as I can judge (the 
question is one for a botknist, and my knowledge of the science is insufficient for 
my opinion to have any weight), the resemblance is as close as that of the 
Mangli stem to Palissya Brauni. As, moreover, it has been shewn by Heer 3 that 
fragments of the Permian Voltzia Hwigarica , in which the leaves are preserved, 
but the leaf-scars ( Zapfen ) are wanting, can scarcely be distinguished from the 
rhrotic Palissya Brauni , it may be doubted if the leaf-scars alone, all that is 
preserved in the Mangli stems, are sufficient for specific identification. The 
plant evidence, from such fragments, may be safely dismissed as worthless. 

The animals of the Mungli beds are of more importance. They cpnsist of 
Estheria and a Labyrinthodont, Br achy ops laticeps. Of the former Dr, Feist- 
mantel says 4 — 

“ There are certainly two forms, a larger and a smaller one — jm 

“ a. — Estheria Mang aliens is, Jones This is the larger form, which Mr. 

Jones described first from Mangli ... On some specimens E. Mangaliensis is 
only represented, while on some others it is mixed with the other smaller form, and 
still, on some others, this latter only is predominant. 

“ Jonos gave several figures which all indicate the larger form E. Mangaliensis J. As to the 
age Mr. Jones considered these beds, for certain reasons, as Kinetic, and now Professor 
' Geinitz describes the same species from beds of the same age in South America. 

* ** 1.— Estheria comp . minuta var. Brodieana , Jones. This form was not described ; it is, how- 
ever, as frequent as the larger one. Prom the size and form, an& from the structure of 
the shell, they can safely be taken as very closely allied to Estheria minuta var. 
Brodieana, Jones, which, as Mr. Jones indicated so distinctly and exhaustively, is 
characteristic of the rhayfeic beds." 

" This smaller form the Mangli beds have in common with the Panchet group.” 


1 Mem. G. & I., Vol. XIII, p. 71. 

a Q. J, G. S., Vol. XVII, 1861, p. 348. 

* Verb. It. K. Geol. Keichsanst. Wien,, No. 2, 1877, p. 43. 

4 Rec. G. S. I., Vol, X, p, 27, 
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The following Extract 1 from Professor "Rupert Jones’ own paper “on Fossil 
Estheri® and their Distribution” will show whether the smaller form was or was 
not described 

* 

** 7. J Vstherla Mangaliensis, Jones. At Mangali in Central India, about sixty miles south of 
Nagpur, the Rev. Jtfessrs. S. Hislop and R. Hunter discovered in 1853 a fossiliferous, brick red, 
laminated sandstone, which contains remains of plants, of Ganoid fishes, and of Labyrinthodont 
reptiles (Braohyops laticeps, Owen ) and wide-spread, thin layers of Esthetics. These , though 
of various sites and somewhat different outlines , are all referable to one species, conditions of 
growth being sufficient, in my opinion, to account for all the seeming varieties. This Estheria 
(JE. Mangaliensis ) is not without close alliances (so far as the carapace is concerned) to other 
species, fossil and recent, as is generally the case; but it gives no direct evidence as to its 
geological horizon. 

. , . Another locality for Estheria in Indian strata of approximately the sdme age 
hag been found by Mr. W. T. Blanford near Pacheet in Bengal. Hr. T. Oldham kindly sent 
me a sample of this Estheri an shale ; but 1 cannot say more than that this Estheria seems to be 
, the same as thymaller specimens from Mangali ” 

I have distinguished three sentences with italics, and it is quite unnecessary 
to show how completely they disprove Dr. Feistmantel's supposition that the 
smaller form was not described, and that Professsor Rupert Jones considered the 
beds rhrotic. Dr. Feistmantel was probably not acquainted with Professor Rupert 
Jones’ paper in the “ Quarterly Journal, ” but in the monograph of Estherice 
published by the Palseontographical Society, and quoted by Dr. Feistmantel, the 
dimensions of several specimens of E. Mangaliensis are given, varying in their 
longest diameter from less than to ^ of an inch, and instead of there being 
on the plates “ several figures, which all indicate the larger form, ” of the five 
views of the whole carapace, one only, fig. 16, represents the larger form, three 
figures, <21, 22, and 23 represent the smaller form, and one figure, 20, is inter- 
mediate in size. All these figures are on the same scale, being magnified six 
diameters, so that the distinction is manifest at a glance. 

Jfcapught to add that both Mr. Hislop 3 and 1 4 fell into the error of supposing 
. tha t two species of Estheria occurred at M&ngli, before Professor Rupert Jones' 
description was published, and I find that I repeated the suggestion that there 
were more than one in a later paper. 5 It is only fair to myself to say that the 
last paper was not originally intended for publication, and that it was printed 
in my absence. Moreover, the subject was only mentioned incidentally in a 
brief geological description of the locality, and I did not, like Dr. Feistmantel, 
attempt to discuss the relations of the species. 

I do not thiA there can be any question that the Estheria examined by 
both Professor Rupert Jones and Dr. Feistmantel were identical. Both had 
some of the original specimens obtained by Mr. Hislop ; and those collected by 

%• * 

* ij, J.G. a, 1863, Vol. XIX, p. 149. 

* |M. Soc., Foss. Esth., FI. II. 

> Jour. Bombay Br. B. A. S., Vol. VI, pp. 201, 203. 

^4; jptom*, ck a i*, Vol. in,p. 134. 4 > 

8. I«, Vol; x^ p. 65. The words were “Estherias (of two species apparently) 
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myself, and now in the Survey collection, came, I believe, from the same quarry. 
These Estherim are extremely abundant at the spot, and both the larger and 
smaller forms are found in profusion. 

Of course, I do not mean for a moment to assert that Professor Rupert Jones 
is infallib le. He may be wrong, and Dr. Feistmantel maybe right. But consider- 
ing that there is scarcely any constant difference in size or form between Estheria 
minuta var. Brodieama , and the smallor variety of E. Mangalimm , and that the 
only essential distinction appears to be in the microscopical structure of the 
carapace, I am myself disposed to think it more probable that Professor Rupert 
Jones was right in the identification of the small M&ngli Estheria , because he 
had studied the whole genus, and figured the various forms with their microscopical 
Structure, whilst Dr. Feistmantel had only a few forms for comparison, and has 
omitted all mention of microscopical structure, which, I believe, he has not 
examined with anything more powerful than a pocket lens. 

The statement that “Mr. Jones considered these beds, for certain reasons, as 
rheetic ” may be compared with the extract from Mr. Jones’ own paper. It is 
true that he suggested that the beds might bo triassic or rheetic, but the state- 
ment was never made in the unqualified manner in which it is quoted . 1 Mr. 
Hislop, certainly, in his last letters , 2 as quoted by Dr. Feistmantel, expressed an 
opinion that the Mangli beds " lie above the coal strata, ” and in one sense he was 
right, for the KAmthi beds, to which, as I will show presently, the M&ngli beds 
clearly belong, are higher than the Barakars, the coal-bearing group of the 
Central Provinces, but in the very same sentence he writes of the Korhadi shales, 
which are Talchir beds, and consequently at the base of the whole Gondw&na 
system, being also above the Umret coal (Barakar). It is scarcely fair to 
Mr. Hislop, and it is most unfair to Mr. Hughes, to quote the views of the former, 
expressed before any thorough examination of the country had been made, in 
opposition to those of Mr. Hughes, who has mapped the whole district closely. * 
With regard to Brachiops lot loops, Dr. Feistmantel is quite correct in piping 
that Labyrinthodonts occur in the European Keeper, and, he might have added, 
in the rhfletic and jurassic also. The nearest allies of Brachiops 3 are Micropholu 
Stowii from the Beaufort beds of the Karoo series in South Africa, Rhmosawrus 
Jasikovii from the Russian oolite and Bothriceps Australis from unknown rocks 
in Australia. The first named is more closely allied than the others, and it occurs 
in the same beds with the Dicynodontia, Thcriodontia and other South African 
fossil reptiles. The connexion is of small value as an indication of age, but 
important as showing the relations of the Indian G ondwanji fauna with the 
ancient life of South Africa and Australia. 


1 At p. 81 of the monograph Professor Jones certainly says that he ventures still to regard 
these beds as belonging to the rhsetic formation, but in the table shewing distribution opposite 
p. 114, referring to the species classed as rhsetic, he writes, “ The adoption of this stage for the 
Estheria from India and America is merelg provisional ; they may be triassic." 

9 Q. J, G. S„ Vol. XX, 1864, p. 282. 

• Q. J. G. S., 1859, p. 642, — Repts. Brit As. 1874, pp« 150, 16* 
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The Estheria from Kawarsa. — Having thus far treated the purely paleonto- 
logical affinities of the Mangli beds, I will, before proceeding to the geological 
argument, advert to the Kawarsa Estheria. After a few notes on the Estheria 
from the Panchcts, which Dr. Feistmantel says “ is certainly identical with the 
smaller form of Esther? a in the M&ngli beds, mentioned as Estheria mimita , var. 
Brodiecma, Jon.,” 1 he proceeds to discuss the occurrence of apparently the same 
crustacean at Kawarsa. Tho following are extracts from the account given 2 : — 

“ The Kawarsa beds occur near tho southern 3 margin of the basin, and Mr. Hughes speaks of 
them as several h un dred feet from the base of tho scries. They have yielded somo broken plant- 
remains and Estheria 

“a.— An Equisetacem ? stalk, pretty distinct; it belongs to that group of forms which gener- 
ally are termed Phyllotheca. ....... 

“ ft.*— A fragment of an oblongly lanceolate leaflet, with marked ribs, which might belong to 
Schizoneura , Schimp. 

« c.— Some broken specimens of Glossopfen* occur very rarely in comparison with those so 
richly represented leaves at Nagpur, and elsewhere in the Dnmudas ; and I have no 
doubt that these beds, near Kawarsa, are younger than all the real Damudas, including 
tho K&ntlii Kaniganj group. 

« To this indication now is to bo added the occurrence of Esiftei ia, which is certainly identical 
with that in the Panehet group, the state of preservation and the size and form 4 * being identical; 
and is therefore to be consider d as veiy likely Msiheria minuta var. Broduana Jon. 

41 From tho occurrence of the Estheria, an animal fossil which is still so frequent in the 
Mdngli beds and in the Panchut gioup, and fiom the scarcity of plants altogether 6 and from the 
state of the rock, it would, I think, follow that the locality at Kawaisa is scaicely to be considered 
ad representative of any gioup of the rcul Damuda beds, tho fossils of which aro everywhere so 
different from those both of the Mangli and tho Kawaisa beds ? ” 

Contrast with the last passage and with the above list of plants the following 
list* of the same plants from Kawarsa as supplied by T)r. Feistmantel himself to 
Mr. Hughes, and published by the latter : — 

• 44 1. Phyllotheca Indica , Bunb. Established by Bunbury as an Indian type. It is one of 

*Mhr the Equisetacece of tho genus Catamite* (Suckow) and reminds one of Catamite* 


1 Dr Feistmantel adds, 44 I compared specimens from both localities, and I could not find any 
difference.” This had been done before by Professor Kupcrt Jones (Q, J. G. S., Vol XIX, p. 149), 
Mr. liislop (Jour. Bom. Br R. A. S , Vol. VI, p. 201) and myself (Mem. G. S. I., Vol. Ill, p. 134, 
with the same result, but, as was pointed out by Professor Jones, the condition of the Panehet 
species is such as to prevent the identification from being certain. 

a Roc. G. S. I., Vol. X, p. 28. 

3 South-west margin would bo more correct. 

4 The value of size and form iu determining spocios of Either ia will have boon seen from the 
details already qitcu as to tho differences between, E. Mangahem>is and E. minuta var. Brodieana. 
1 do not uudei stand how the 44 state of preservation” in fossils can be employed as a means of 
identification. 

* This is another ai gument which could not be used by any one having a knowledge of the 
racks in the field, for the Kamtlu group is remarkable for tho paucity of organic remains. Surely* 
too, Mr. Hughes and J, who examined the beds at Kawarsa, are better qualified to judge of tho 
"state of the rock” and its boar ug upon the relations o{ the beds than Dr, Feistmantel is from the 
Of half a dozen cabinet specimens derived from a single bed. 

f Mm. 0. 8 . 1., Vol XI»> p. 7Q. 
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arenaceus , Jager. It might perhaps be considered as only the stalk of Sehixoneura 
Sclump* 

“ 2. Schizoneura, Schimp. fragments, 

“3. Glossopteris Indica , Schimp. ( GHossopteru Browniana, var. Indica, Bgt), a piece of a 
large leaf with large reticulations. 

“4. GtfMsopteris Browniana, var. Australasica, Bgt. Some smaller leaves than the above 
may be determined as being of this species.” 

Surely the species quoted aro well known and characteristic Danmda fossils, 
but even if the specific identity be not certainly determined, what can be tho 
meaning of the statement that the fossils *of “the real Damuda bedb are every- 
where so different ” from those of the Kawarsa beds ? All of the species named 
are found either in tho typical Kamthi beds near Nagpur, or in the Damuda 
rocks of Bengal. * 

In another paper Dr. Feistmantel writes thus, 1 adverting to the occurrence of 
Qlossopteris fronds in a fragmentary condition amongst the Pan diet beds — 

“ This manner of preservation resembles that in tho Kawarsa beds of the Chanda district, 
whore Qlossopteris occurs also in A very fragmentary state, and again associated with Estheria 
(the form as in the Panchets and in the Mdngli bods). In my note on the Esiheria beds in India 
I have already pointed this out, and 1 repeat again that the Kawarsa beds very likely are on the 
horizon of tho Panchets in Bengal. 

This can only mean that the fragmentary occurrence of Qlossopteris fronds 
indicates contemporaneous deposition ! Fragments of leaves are the rule in all 
plant-bearing formations, so far as rny experience goes, but no collector brings 
them away when he can obtain more perfect specimens. 

The value of tho observation avS 1o the rarity of occurrence of Qlossopteris 
at Kawarsa will be best appreciated in connexion with the fact that Dr. Feist- 
mantel has never visited the locality and has seen only about half a dozen specimens. 

I am sorry to bo obliged to expose in this manner the value of the arguments 
put forward, but leaving them without answer has already done mischief, and 
it is necessary to show the kind of data upon which Dr. Feistmantel basesliis 
conclusions in this case. His reason for arguing that tho Kawarsa beds are not 
Damudas aro probably the following. Learning that Dr. Geinitz hod found an 
Estheria, apparently identical with E. Mangaliensis , in some beds said to be of 
rheetic age in America, Dr. Feistmantel appears to have concluded rather hastily 
that the Mangli beds were of tho same age, and as this view received some support 
from Professor Rupert Jones’ original remarks, it was accepted. The occurrence 
of the Mdngli Estheria with characteristically Damuda plants at Kawarsa was a 
difficulty, and hence the very curious arguments which were employed to make 
out that these Damuda plants prove that the beds in which they occur are 
not of Damuda age. Of course the circumstance that one form of the Mdngli 
Estheria occurs with Damuda plants about 30 miles away at Kawarsa is of vastly 
greater importance in determining the relations of the Mdngli beds than the 
existence of the same Estheria with rheetic plants in South America. 

s - 


Rec. G. S. I., Vol X, p. 139. 
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There is one more point to notice. I cannot agree with Dr. Feistmantel’s opi- 
nion that “ Estheria has hitherto been neglected in India in the discrimination of 
horizons, ” 1 and I think this is a fair instance of the manner in which Dr. 
Feistmantel often writes of all who have preceded him. Whether he intends in 
this case to charge his colleagues and Mr. Hislop with neglect or not is not 
the point at issue. I do not accuse him of intentional injustice ; I simply question 
the accuracy of his statement All the fossil species of Estheria hitherto found 
in India have been described and figured, and if this has not been done “in India” 
surely Anglo-Indians are not to be blamed because they send fossils for descrip- 
tion to competent naturalists in Europe. Every known discovery of Estheria in 
the Gkmdw&na beds, either by Mr Hislop or the Survey, has been noticed in print, 
nor is there a single occurrence noted by Dr. Feistmantel which had not been 
previously recorded. Why, then, are we charged with neglect ? The evidence I 
have given above will enable any one to compare Dr. Foistmanters me of 
Estheria with tlio previous “neglect, "and to determine which course is most in 
accordance with scientific truth. 

Geological evidence . — Thus far I have treated the question of the palaeontologi- 
cal relations of the Mangli beds, my object being to shew how untenable 
Dr. Feistmantel’s views arc. But it must not bo forgotten that these views were 
opposed to Mr. Hughes* and ray own, founded upon geological evidence. As my 
own examination of the rocks was only preliminary, I depend chiefly upon Mr. 
Hughes, who has examined the* whole of the Wardha coal-field in detail. I have 
accepted Mr. Hughes’ views when they diifer from my own in the case of the 
Maleri beds, so it is not merely because our opinions coincide as to the M&ngli 
beds that I quote my colleague’s determinations, but solely because he had fuller 
opportunities for coming to a decided conclusion. 

Mr. Hughes’ 2 views as to the beds of Mangli are, l think, perfectly clear. Ho 
does not express Any doubt as to the position of the strata ; he places them amongst 
thajypical K&mthi beds, and estimates that they are about 700 feet above the 
base of the group. It is true that no higher beds than the Mangli beds are seen 
in the immediate neigh boui hood, because the Deccan traps rest unconformably 
on the Gundw&nas close by, but there are higher Kamthi beds elsewhere. A few 
pages farther 3 the occurrence of i ed argillaceous shales, like those of M&ngli, is noted 
north-east of Balar hill, near Wun, and Mr. Hughes remarks that as they should 
not be more than 400 feet above the coal-measures, the horizon assigned to the 
M&ngli beds is probably not too low. This, of course, implies that the MAngli beds 
ar© probably the equivalents of those seen near Balar hill. Now, the ELawarsa and 
Punwat bods are nearly on the strike of those beds north-east of Bal&r hill, and 
therefore presumably on nearly the same horizon as the Mangli beds, the rock con- 
taining EstheriiP at Punwat 4 resembling the M&ngli shale in mineral character. 
But above the beds at Kawarsn and Punwat are all the sandstones of Malargarh 
hill, which are characteristically Kfonthi. There is no part of the Wardha field 


4 * Bee. G. 3. 1., Vol. X, p. 30. 
^ • Mem. G. S. 1., Vol. XIII, p. 71 


3 Ij. c„ p. 75. 

4 L. c„ p. 77. 
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in which the geology is clearer than in this ground, and there cannot, I t hinly be 
any reasonable doubt that, so far from the Kawarsa beds being higher than the 
K&mthis, they are clearly intercalated in the group, and are much nearer to the 
base than to the top. I have examined the ground more than once, and my prelimi- 
nary map agrees with Mr. Hughes* finished survey. I cannot see how there can be 
any reasonable question that both the Kawarsa beds and the Mangli beds are 
typical K&mthis. 1 am aware that this is not stated so emphatically and clearly 
by Mr. Hughes, but he could scarcely have anticipated that his opinions would 
be disputed in the publications of the Survey by one who had never seen the 
ground, and who depended upon such palaeontological arguments as those I have 
just exposed. 

Flora of the Damuda series . — 1 have already in the first part of this paper 
dealt at sufficient length with the evidence brought forward by Dr. Feistmantel 
to shew that the Damuda flora is characteristically mesozoic. That the generic 
relations of this flora are mesozoic rather than palaeozoic ; that there is an almost 
total want in the Damudas of the characteristic forms found in such abundance 
in the European coal-measures ; that Lepidodendron , Sigillaria and a host of other 
carboniferous types are absent ; and that their place is taken by plants more nearly 
affined to mesozoic forms, have been admitted by everybody, but precisely the same 
is true of the flora intercalated with beds containing typical carboniferous marine 
fossils in Australia. The fact that the Damuda flora consists mainly of ferns and 
Equisetacea, and the very subordinate part played in these beds by cycads and 
conifers are palaeozoic characters, although they are quite insufficient alone to 
prove that the beds are palaeozoic. M} r object in the present instance, as in my 
last paper, is not to prove the Damudas palaeozoic, but to vindicate Dr. Oldham 
and his colleagues of the Survey from Dr. FeistmantePs attacks, and to show that 
their opinion, that the Damuda flora has little or no connoxion with any known 
European fossil flora, and that the former is much more nearly related to the coal 
flora of Australia, is more correct than Dr. FeistmantePs. The estimate of the. 
relations of the Damuda flora depends upon two distinct questions — rw * 

1. Is the Damuda flora more nearly affined to any European fossil flora 

than it is to that found in certain Australian beds ? 

2. What are the relations, geological and palaeontological, of those Austra- 

lian beds ? 

I have already stated the facts as they were known to me, 1 but I find I have 
omitted several items of importance in relation to the Australian beds. In con- 
sequence of these omissions, Dr. FeistmantePs reply appears stronger than it 
really is. * 

I write under correction, and with a full sense that I am dealing with a sub- 
ject of which I am not a master, but merely a student, but still I think that the 
plan adopted by Dr. Feistmantel to prove the Damuda| mesozoic involves a fatal 
error. From the whole of the Damuda flora he takes a plant here and a plant 
there, shows that it is related, now to atriassic, now to a rhastic, now to a jurne- 


1 Rec. G. S. I., Vol. IX, pp. 82> <&c. 
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sic European species, and then he points out thqt the sum at these relations 
exceeds the connexion which exists between the Damuda flora and that found 
in the Australian beds. But the Australian flora with which comparison is made 
is confined to one group of rocks and has been but imperfectly investigated ; 
whilst against the identifications and assimilations with this one poor assemblage 
of plants, consisting of only about twenty fairly known species, there is urged every 
possible connection which can be detected between Damuda plants and those 
found in all the various widely exposed floras of Europe between cretaceous and 
permian. Even under these conditions, I doubt if Dr. Feistmantel has proved 
his case. That the Damuda flora has a mesozoic facies is no new discoveiy ; the 
fact has been admitted, I believe, by every writer on the subject, whatever his 
opinions as to the age of the beds, and the same is notoriously the case with the 
Australian Newcastle flora, but I do not think that either the ago or homotaxis 
of a group of rocks can be determined by comparing the flora with several distinct 
assemblages of plants of varying age, so well as by showing the connexion with 
the species found in one defined group. 

Relations of Damuda flora to European trios and Australian "beds respectwely.— 
To show the views I have to answer I make a few extracts from Dr. Feistmantel’s 
later papers, those written since my own appeared — 

“ The affinities of our Damuda flora with that of the mesozoic epoch and especially of the 
triassic formation are overwhelming. 1 

" We havQ in all the special collections unmistakeable evidence for the supposition of M. 
feunbury as to the mesozoic, and, as I add, triassic age of the Damuda flora. 

“Already in tho old collections from Raniganj there were proofs enough !” a 

[That is before the discovery of the Karharbari fossils. The remainder of 
the sentence has already been discussed.] 

“The Damuda flora exhibits itself quite decidedly as mesozoic and most naturally as of triassic 
age.® 

“We know that the Panchet group overlies immediately the Raniganj group, which - itself is 
Lowe^triassic. 4 

“I have also shown that the Damuda are Lower Masaic.” 0 

And in various tables showing the relations of the G-ondwana groups to Euro- 
pean strata the Damuda series is always classed by Dr. Feistmantel in accordance 
with his original determination as the equivalent of the Bunter (lower trias). g 

Some KarharbAri plants are doubtless allied to Bunter species, and Dr. Feist- 
mantel was perfectly right in including these forms in the Damuda flora, because 


X 


» Rec. G. S. I., Vol. IX, p. 117. 
lb* p. 119. 

: » n>„ 9. 121. w 

* Bee. G. S. I.. Vol. X, p. 28. 

* tad* Ser. 11, 2, 9 . 160. * 

S. L, Vol. IX, p. 125; Pal. lnd., Ser. kl, p. 2; Gool. Mag. Dec. 2,111,1876, 
Gein. Neaes Jahrb. 1877, p. 159. 
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the Karharb&ri beds had always been classed by the Survey as lower Damudas 
until the plant-remains were examined. I shall, however, show presently that the 
Karharbhri beds mnst be separated from the true Damudas. One of the extracts 
I have above quoted shows that Dr. Feistmantel considers that the relations of 
the Damnda flora to that of the European trias is well marked, independently of 
the Karharbfiri plants. 

It is as well here before turning to the connexion between the Damudas and 
the Australian yocks to recapitulate the succession in descending order of the 
New South Wales beds as given by Mr. Clarke and Mr. Wilkinson. 1 * Dr. Feist- 
mantel’s classification I will dispose of hereafter. The following is the succes- 
sion : — 


1. Wyanamatta beds. 

2. Hftwkesbury beds. 

3. Upper coal measures, or Newcastle, Wollongonsr, and Bowonfels scries. 

4. Lower coal measures associated with marine beds. 

5. Lepidodendron beds (Devonian). 

Dr. Feistmantel in the paper to which I am especially replying admits a cer- 
tain connection between the Damuda flora and that of the upper coal measures 
of Australia. Yet he writes — in this case referring to the upper coal measures 
No. 3 . * 

“Thus it seems that the evidence of a connection with the Australian coal measures is very 
weak, while the fossils enumerated as common with European Trias are unmistakeably identical.” 

It is only fair to say that the most of Dr. Fcistmantel’s remarks on the dissi- 
milarity of the Damuda and Australian floras refer to the lower coal measures of 
Australia, and to these I will proceed presently. I am however, I believe, stating 
his views fairly when I conclude that he considers the connexion between the 
Damuda flora and that of the European lower triassic rocks stronger than -Aat 
which unites the Damudas with the upper coal measures of Australia. To show 
how far this view is tenable, I place in parallel columns (1) Dr. Feistmanters 
own list of Damuda plants, 3 minus the Karharbari forms which are not known 
to occur in true Damuda rocks, (2) Schimper’s list of Bunter (lower triassic) 
plants, 4 and (3) the list of Australian species from the upper coal measures ob- 
tained by adding together the names given by McCoy, Morris, and Dana. 5 


1 Q. J. G. S., 1861, Vol. XVII, p. 358. “Mines and Mineral Statistics of New South 

'Wales,” Sydney, 1875, p. 128. 

3 Ree. G. S. L, Vol. IX, p. 122. Only one species, Voltzia heterophylla, has been shown to bo 
specifically identical with a European plant. Voltzia acutifolia is,*I understand, a synonym of 
V. heterophylla, and the connexion in other species is merely generic. 

4 Bee. G. S. 1., Vol. IX, pp. 119-121, and subsequent additions. 

* 4 Traite de Pal4ontologie Vegetale, Vol. Ill, p, 645. 

5 Q. J.G.S., 1861, p. 359. 
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BUNTER (Europe). 

* 


1 


Equisetace.®. 

JEquisetum Mougeotii . 
_E7. Brogniarti. 

* Schisoncura paradoxa. 


DAMTJDA. 


EQlTISETACEiE. 

* Schizoncura G ondwanensis. 
Sphenophyllum speciosum ( v . 
trizygia). 

fPhyllotheca Indica. 
t Vertebraria Indica . 


NEWCASTLE BEDS (Am r- 
trqlio). 

Alqm P 

(Anarthrocanna.) 

( Cystoserites.) » v 
(Corfervites tenella.) 

* 

EQUISETACEjE. 
f Phyllotheca Australis . 

(P. ramosa.) 

(P. HooTceri.) 

+ Vertebraria Australis . 


Pilices. 

Beuropteris grandijolium. 

B. Voltzii. 

Be intermedium . 
elegans . 

Pecopteris Sultsiana . 

Crematopteris typica . 

Anomopteris Mougeotii . 

(Sphalopteris, Mougeotii) 
stem. 

( Chelopteris Vogesiaca) 

stem. 

(C. Voltzii) stem. 

(C. micropeltis) stem. 

(Qyatkeopieris tessellata) 
stem. 

(Bathypteris Lesangeana) 
stem. 

(Caulopteris ? Maraschi - 
nutria) stem. 

(C. ? Lceliana) stem. 

(CL Pe?*&ma»a) stem. 


CyCADBACBJE. 


Pterophyllum Bogardu 


Filicks. 

Actinopteris Bengalensis. 
\Sphenopteris polymorpha . 

{Dicksonia) , sp. 
fAlethopteris Lmdleyana. 
fA. conf. Whitbyensis . 

.4. phegopteroides . 

Tainiopteris ( Angiopteridium ), 

B P- 

P. ( Macrotceniopteris ) danee- 
oides. 

T. (M.) Fed deni. 

Palceovittaria Kurzi. 
^Glossopteris Browniana. 

*(-6r. Indica. 
f 6r. communis. 
f G. angustifolia. 
f6r. leptoneura . 
f6r. museefolia. 

^G. stricta. 

tG. several otlier species. 
Sagenopteris pedunculata. 

S. polyphylla . 

Gangamopteris Whittyana . 

6r. Hughes i. 

Belemnopteris Wood-MasonU 
ana. 

* Ctoadeace^i. 

\Nocggerathia Hislopu 
» . B P. * 

Pterophyllum Burdwaneme . 


Filices. 

Sphenopteris lohi folia. 
’S. alata , var. epilis. 
S. hastata. 

S. G-ermanI 
S. plumosa . 

& fiexuosa . 


f Alethopteris Australis . 



Otopteris ovata. 

Glossopteris Browniana . 
fCr. linearis. 
t G. ampla. 
t G. reticulum . 
tCr. elongata . 

G. cordata . 

fG. several other species. 
Gangamopteris ( Cyclopteris) 
angustifolia . 


Cycadeaceje. 

21 Toeggerathia (Zeugophyl- 
lites) elongata . 
fJV. spatulata . 

2V, media. 
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CoNIFEBJE. 

Voltzia heteropkylla. 

(V. acutifolia). 

Alter tia latifolia. 

A . JSrauni. 

A. elliptic ** . 

A . speciosa . 

.d. Schaurothiana. * 

Taxites ? Massalongi. 

T. ? Vicentinus. 

Monoootyledones. 

Yuccites Vogesiacus. 

(Spirangium regulare — 

fruit only.) 

( ‘Ethophyllum speciosum . 

jE. stipulare. 

AS. Foettcrleanum. 

In the above lists names placed between parentheses may be neglected ; they 
are either too obscure for recognition, or synonymous, or else founded solely on 
parts of the plant, such as stems or the fruit alone, which cannot be fairly com- 
pared. Species representing each other in the Hunter and Damuda flora are marked 
with an asterisk (*), allied forms in the Damuda and Australian flora with a 
dagger (f)- It is possible that some of the Australian species of Sphenopteris and 
Glossopteris should have been omitted, as they are not sufficiently defined* for their 
relations to be known , 1 but I wish to place the whole evidence, so far -as I am 
acquainted with it, before my readers. Doubtless, too, some species 'have been 
added to the Bun ter flora since Schimpcr’s work was published, and some recti- 
fications may have been introduced. 

The above lists, moreover, are not in all cases fairly comparable.** the 
Bunter flora of Europe and the Damuda flora of India having been far better 
explored than that of Australia. Moreover, we may be sure that any point of 
resemblance, however slight, between the Bunter and the Damuda flora has 
been noticed by Dr. Feistmantel, whilst it is far from equally certain that the full 
connexion between the Damuda and Australian floras has been traced by an 
equally competent judge. I have classed all the species of Glossopteris in the 
. Damuda series and the Newcastle beds, with one exception, as allied to each other, 
and I .believe I am fully justified in doing so, but possibly one or two forms may 
not be so nearly related as I suppose. But in this subject I am ultra crepidam. I 
only take up a matter with which I have an imperfect acquaintance because it 
appears to me unfair to, the Survey that only one side of an argument should be 
stated, and because, in self defence, I am bound to show that I really have stronger 
reasons for objecting to Dr. Feistmantel’s views than he is willing to admit. ? 

1 I have omitted a form called Austrella rigida, founded on what appears to me to be nothing 
but rootlets, perhaps of Vertebraria, Precisely similar bodies abound in Damuda beds, but are, of 
course, worthless for comparison. 
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I take the Bunter flora for' comparison because Dr. Feistmantel has repeatedly 
stated that the Damudas are of lower triassic age, but I may add, that were I to 
give the lists of known plants from Keuper or rhretic, (the flora of the Mnschel- 
kalk is too poor for comparison,) the result would be the same. There are a few 
allied forms in each of these subdivisions, 1 and probably there are' more in the 
rheetic than in the trias. There are also certain Damuda forms such as Phylh- 
theca Indica; Sagenopterie , Alethopteris Lindleyana and A. conf. Whttbyensis which 
are much closer to Jurassic European forms than to triassic, and it may be 
remembered that many European palaeontologists long classed the Damudas as 
oolitic. In short, so far from its being the fact that there is a distinct connexion 
between the Damuda flora and that found in European lower triassic rocks, the 
truth is really tha t there is not so strong a resemblance between Damuda and 
Bunter plants as there is between Damuda and Jurassic. On the other hand, I do 
not see how any one can look over the list given above without seeing the very 
marked similarity between the Damuda flora and that of the Newcastle beds in 
Australia. So marked is this, that even if the Karharbari forms be included in 
the Damuda flora as Dr. Feistmantel has done, it still appears to me that the 
former is more closely allied to the Australian than to the Bunter flora. . 

The conclusion at which I arrive is, that instead of the evidence which connects 
the Damuda formation with the Australian carboniferous rocks being about equal 
to that between the Damudas and European trias, as 1 at first thought, the former 
connexion is more marked than the latter. 

The relations of the lower Australian beds . — I pass on to the second question. 
The third point on which, in Dr. Feistraantel’s opinion, my conclusions were 
“ rather premature” 2 related to the lower Australian coal strata, and, as he 
puts his thesis, “The analogy with the flora of the lower coal strata in 
Australia is comparatively weak’. 3 1 do not think this is an answer to my 
argument, because I never insisted upon the affinity between the Damuda flora 
and that of the lower coal measures of Australia. What I did show was 4 that 
the connexion between the various groups of the coal-bearing series in Australia, 
from the Wyanamatta beds to the lower coal measures, (excluding, of course, 
the Lepidodendron beds,) was exactly the same as that on the strength of which 
Dr. Feistmantel had Just argued that the whole of the lower Gondwanas were 
triassic, and if the argument were appb’ed to the Indian beds, it was equally 
valid in Justifying the classification of all the Australian rocks below the Hawkes- 
bury beds (and I might even have included the Hawkesbury and Wyanamatta 

* The only Keuper plants which have any marked relations to Damuda species, so far as I am 
aware, # are some forms of Pecopteris or Alethopteris allied to A . WTiitbyensis, and Noeggerathia 
Voyesiaca {Macropterygium Bronnii ), the latter alone being of any importance. Perhaps there may 
he a slight similarity between some of the Keuper species of Pterophyllum and P. Burdwanense. 
It should he remembered that only one specimen of Pterophyllum Burdwanense, and one of 

, Nocggeraihia of. Vogesiaca have yet been found in Damuda beds. 

* Bec.G. S. I., Vol. IX, p. 11?. 

\V! And; again# p. 121, "t What is the analogy our Damuda series' with the lower 
- in' Australia ?** 
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beds) as carboniferous. I then shewed the* connexion between the flora of the 
upper and lower coal measures in Australia taken together, and that of the 
Damuda beds. 

The Above would really be a reply to all that is stated in the sentence above 
quoted. Dr. Feistmantel has not answered me. He has merely traversed an 
argument which differs materially from that I used. But in the course of his 
remarks he enters into the real question at issue and makes several atemente 
which, if correct, would have some weight as opposed to my opinion. I sh all , 
therefore, shew how far these statements are in accordance with the facts made 
known by various Australian geologists. 

I have already twice had to refer to Dr. Feistmantel’s classification of the 
Australian rocks.* Here it is'-f- 


ITpper coal measures. 


f Beds m Tasmania, •) . c w , 

Queensland, Victoria. ) 

! Clarence river. , 

Wyanamatta beds. )-No animals. 

Hawkesbury beds. 

Bowenfels. 

Upper beds in Newcastle. 

I Beds with marine plants intercalated with plant-beds. Especially 
Lower coal measures. < Stony Creek, Bix. Ck., Greta, Mnt. Wingen, &c. 

( Again marine beds. 

_ , f Smith Creek, } Lower carboniferous plants with carboniferous 

Qulm series. j Port &tefeng . [ animals . 

Devonian. Goonoo-goonoo. Plant-remains only. 


4 This Dr. Feistmantel states 2 is u the succession of the several strata of the 
Australian coal formation, as Mr. Clarke communicated it to me in a late paper, 
and as it is to be foundin his 4 Remarks.’ ” It is to be regretted that Dr. Feist- 
mantel has not given a reference to the Rev. Mr. Clarke’s paper, because there 
is, so far as I can see, nothing in the 44 remarks” which can be quoted to tify 
the classification adopted, and the union of the Wyanamatta, Hawkesbury and 
Newcastle beds into one subdivision as upper coal measures, and their separation 
from the lower coal measures are so entirely opposed to all that Mr. Clarke has 
written on the subject, that it is to be hoped Dr. Feistmantel will either publish 
Mr. Clarke’s own words, or admit that he has arranged the section to suit his 
own views. The beds in Tasmania, Queensland, Ac., have nothing to do with the 
main question and only tend to distract attention from the typical sequence 
in New South Wales. In the printed paper of Mr. Clarke’s, 3 to which we have 
all hitherto referred for the classification of the - Australian (New South Wales) 
plant-bearing rocks, they are thus arranged — 

1. Wyanamatta beds. 3. Coal seams of Newcastle, Ac. 

2. Hawkesbury rocks. 4. Lower carboniferous rocks. 


9 

» Bee. G. 8. 1., Vol. IX, p. 123. * L c. 

8 Q. J. 0. S., 1861, Vol. XVII, pp. 357, 358, Ac. 
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The last being the “culm” and “Devonian” beds of Dr. Feistmantel’s series, 
with which I have no present concern. No. 3 includes both the Upper beds in 
Newcastle and Dr. Feistmantel’s “ lower coal measures.” In the “ Remarks” 1 * * the 
Lepidodmdron beds are noticed under the heading of Middle Palaeozoic, all the 
coal measures of Newcastle are classed in the upper Palaeozoic, together with 
the “lower coal measures” of Dr. Feistmantel, while the Wyanamatta and 
4 Hawkesbuiy beds are treated apart from the others under the heading of Me- 
sozoic or Secondary Formations. Take the following extracts 8 from the “Notes 
on the Upper Palaeozoic Beds” and compare them with Dr. Feistmantel’s classifi- 
cation:— 

* “ As far as some of the plants are concerned, it may be admitted that t^ey are in an unsatis- 

factory condition at present; but the balance in favour of a Airboniferous age for the Qtossopteris 
beds is, to my mind, conclusive/* • 

The Glossopteris beds include both the upper (Newcastle) coal measures and 
the lower coal seams with marine bands. Again 3 * — 

« So far, then, the question about the age of some of the Australian coal must be considered 
as settled ; and if, as in Illawarra, the coal beds overlie the marine beds, as they d$ also in the 
Fingal district of Tasmania, it would appear that all these separate occurrences belong to one 
thick series, in which marine beds and fresh-water beds interpolate each other. .But assuredly 
in that ease the arrangement adopted must express the order as follows ; — * 

“ 1. Upper coal measures. ‘ 3. Lower coal measures. 

u 2. Upper marine beds. ‘ 4. Lower marine beds/* 4 

I cannot see, how Mr. Clarke can be quoted to justify tho removal of the 
upper coal measures from the palaeozoic series in the face of such evidence as 
this. I beg to call attention to the fact that Dr. Feistmantel always gives Bis 
own version of Mr. Clarke’s views, whereas I quote Mr. Clarke’s published words. 

Mr. Clarke may have changed his views (I have no reason to believe he has) ; 
he may, like myself, have been guided by Dr. Feistmantel’s statement 5 that 
theft is a radical difference between the flora of the upper (Newcastle, Bowen- 
fels) and lower (Stony Creek, &c.) coal measures in Australia. I accepted 
Dr. Feistmantel’s opinion as that of an expert, and was immediately quoted by 
him as evidence, 6 * part of my sentence quoted by him being omitted so as to 

1 Mines and Mineral Statistics of New South Wales, &c., Sydney, 1875, pp. 161... 191. 

* Clarke, 1. c., p. 178. 

a lb., p. 179. 

4 Mr. C. 8. Wilkinson, the Government Geologist, writes thus in the same work, page 128, — 

4t The several divisions of the upper palaeozoic series have been named after the localities where 

they are found to he most typically developed. In descending order they are as follows : — 

“ lYyanamatta series. , “ Upper marine beds. 

* * Hawkesbury series. “ Lower coal measures. 

;< w Upper coal measures of Newcastle, Wol- « Lower marine beds, 

longong and Bowenfels series. “ Lepidodendron beds/* 

G. B. L, Vol. IX, pp, 76, 71, 121, &c. v 
iRec. GK $. I., Vol. IX, p. 83, 11 Nos. 3 and 4 appear to be connected by * the presence 
Browniana in both, although, from specimens which Dr, feistmantel has shorn 
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make it appear that my opinion was founded on my own observations, and not 
on his* I very greatly regret to say that further experience of Dr. Feisimantel’s 
statements has produced a sceptical spirit, especially when they are in opposition 
to the evidence of other observers, and I now refuse to admit there is any im- 
portant distinction between the flora of the Upper and lower Australian coal 
measures until Dr. Feistmantel produces evidence instead of assertions. I think 
it probable M 1 *. Clarke will show equal caution. When Dr. Feistmantel’ s evidence 
appears, it will remain to be seen how far he has established his thesis. If I 
appear to be harsh in my judgment, I would refer to the facts I have already 
pointed out as to the evidence on the strength of which Dr. Feistmantel has over 
and over again asserted that the Rajmahal flora is liassic, and to his statements 
about the Mangli *beds and the Lamellibranchiata of the Umia group. 

The original evidence as to the connection between the upper (Newcastle) 
coal measures and the lower beds of Stony Creek was, that below “ grits and con- 
glomerates full of Pachydomi, Spiriferi , Orthoceratitcs , large Conularice, Asteridce , 

..... a bed of shale was reached in which are impressions of Noeggerathia (or 
Zeugophyllites ), Glossopteris (or SagenopterU) and other plants, such as Cyclopteris, 
that look as much like jurassic as any that are so called.” 1 In the “ Transactions 
of the Royal Society of Victoria, Vol. VI” (T have not access to the original® at 
present), sections were given by Mr, Clarke from Stony Creek showing the occur- 
rence of Glossopteris, Phyllotheca, and Noeggerathia in the beds below those con- 
taining the marine fossils. Take, again, the following extract from the notes by 
Mr. E. C. Wilkinson, Government Geologist 3 : — 

"The collection of fossils from near West Maitland, Greta and A ntil Creek includes Spiriferas 
Conularice, Inocerami , Product a, j Fenestellcp, Bellerophon, crinoidal stems, &c., obtained from 
the upper marine beds 350 feet above the Anvil Creek coal scam, from which Seam I collected 
the specimens now shown, containing the Phyllotheca and Glossopteris Brownian a . Immedi- 
ately below this coal arc the lowor marine beds represented by the specimens of Spirifertp, 
Conularice, Bellerophon, Pachydmnus, Orthoceras, Euomphalus, Fenestellu , a new species of 
Starfish, Chcetetes radians, &c., from Stony Creek, Harper’s Hill, Kavensfield, and Singleton. 
This suite of fossils is especially interesting, as showing not only the range tlirougli the coal series of 
the Glossopteris and Phyllotheca , plants so abundant in the upper coal measures of Wollongong, 
Lithgow Valley and Newcastle, hut also the association of tbose # plants with the marine fauna 
of the lower coal measures, thus affording evidence, agreeing with that of the previously men- 
tioned fishes, as to the upper palaeozoic age of the Hew South Wales coal measures ” 

* In the same work, “ Mines and Mineral Statistics of New South Wales,” several 
detailed sections are given. In section No. 1, p. 206, bed No. 5 in descending 
order contains “ large fossils, Fenestella , Inocenwms, Conularia, &c. ; ” No. 19 ist 
said to be “full of Glossopteris , Phyllotheca , and leaves of ? Noeggerathia; ” No. 24 

(misprinted shewed) to me there appears to be a considerable distinction in the flora.” Dr. Feist- 
mantel quoted this paragraph (Records, Vol. IX, p. 122), but omitted tho words in italics, thus 
making the statement appear to rest on my authority instead of on his own. This, moreover, was 
emphasized by the concluding portion of the sentence being placed in italics. 

1 Q. J. 0. S., 1861, Vol. XVII, p. 36£ 

3 The volume is wanting in the Survey library. 

* 3 Mines and Mineral Statistics, p, 132. 
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* is said to be “ foil of large Glossopteris fronds, 4c., same as bed No. 12.” Again, at 
p. 226, in a section of some coal seams and the accompanying shales. The upper- 
most bed, a coarse conglomerate, is said to be “full of palaeozoic fossil fauna, 
Conularia , Orthoceras, Products Spirifera , Inocercmi , Grinoidea , whilst 6 feet 

lower down is “ shale full of Glossopteris , Phyllotheca and Noeggerathia 

So far, then, we have evidence of four species of plants in the “ lower coal 
measures.” These species are — 

1. — Glossopteris Browniana , admitted by all to be indentical with the species from 
the upper coal measures. 

2 .—Phyllotheca. 

8. — Noeggerathia. 

4. — Tceniopteris near T. Eckardi (this is inserted on Dr. Feist mantel’s authority). 

Now, where is the evidence that the plants called Phyllotheca and Noeggerathia 
from the lower beds are distinct from those in the upper P I have already quoted 1 
McCoy’s identification of the Phyllotheca , apparently from the lower beds of 
Queensland, with P. Australis , the species found in the upper coal measures of 
Newcastle, 4c. Dr. Feistmantel’s evidence as to the distinction of the lower coal 
measures’ flora, so far as he has hitherto supplied any facts, amounts to this, that 
he hq r fl seen a Tceniopteris from the lower beds which he has not seen from the 
upper. He may have more evidenco, but that produced is certainly not sufficient 
to justify the rejection of the opinions given by Australian geologists. 

The rest of the evidence brought forward by Dr. Feistmantel need not detain 
us long. He says (I am obliged to re-quote part of the paragraph) 3 — 

“ As to 3 and 4, of which the first are tho upper coal measures of Newcastle, Mr. Blanford him- 
self says, * Nos. 3 and 4 appear to be connected by the presence of Glossopteris Browniana in both,® 
although there appears to be a considerable distinction in the flora ; and I would add, No. 3 does 
not contain any animals, 4 while in No. 4 marine animals are found abundantly 

And again 5 — 

— The upper portion is marked by a flora, which is abundant. Nos. 1, 2, 3 of Mr. Ulan ford’s 
list must be referred to this ; they contain no marine fossils to indicate a connection with the lower 
portion . 

** b , — The lower coal measures are marked by two marine faunas of, as generally taken, a car- 
boniferous age, which separate distinctly these from the upper beds. The flora is, as both Mr. Clarke 
and Mr. Daintree state, only rare ** * 

Now, this is one of those points on which my ideas are so diametrically opposed 
to Dr. Feistmantel’s that I can only suppose, either that our notions of elemen- 


* * Ante, p. 112. 


4 Rec. 0. S. I., Vol. IX, p. 122. 

¥ 4 See footnote 6, ante, p. 138, for the original form of the sentence here quoted and the portion 
Suppressed by Dr. Feistmantel. 

* This is incorrect of course ; a fish has been obtained from the bed. 

' * l C.y p. 123. 


, * No reference is given, and the statement is quite opposed to all the evidence ; see the quota- 
ons in “ Mines and Mineral Statistics# just given, where shales of the lower beds 
l of Glossopteris, Phyllotheca and Noeggerathia, The section quoted (No. 1, oppo- 

. m i l; u 
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tary geological evidence are distinct, or else that Dr. Feistmantel does not mean 
what his words convey. It is superfluous to point out that if distinction of age 
were proved by the presence or absence of marine fossils, the Glossopteris beds 
of the lower Australian coal measures must be of a different age from the fossilir 
ferous marine beds with which they are intercalated, because no marine fossils are 
' found in the beds containing the Glossopteris . If the lower plant-beds are not 
different in age from the marine fossiliferous roots with which they are inter- 
stratified, neither can the upper coal measures be shown to be of distinct age 
from the lower on account of not containing marine fossils. 

I have one more extract to make. 1 hope that it will be understood that in these 
remarks I am merely taking a few instances from Dr. Feistmantel’s papors ; I 
could easily add others. The extract is the following 1 : — 

“In tlie last publication, “Mines and Minerals of New Sooth Wales,” there is a supplementary 
report by Mr. John Mackenzie on the New South Wales coal fields, in which, on section fi,* is a 
sketch section from Newcastle to Port Booral, about thirty miles long. Ihthis the difference in the 
fossil remains of the upper and lower portions of the coal measures is plainly indicated, and also 
that the upper portion and lower portion are, besides all the differences, slightly discordant. ” 

The fossil differences are, that in the lower portion several marine car- 
boniferous genera occur, and in the upper portion only plants, and that those 
plants do not include the genus Nocggernthia (the plant known by this name is, 
however, found elsewhere in the same beds) and do include some forms not found 
in the lower beds. Phylhtheca and Glossopteris are quoted from both. So far 
good ; now about the discordance. I fear I shall have some difficulty, in. con- 
vincing my readers without showing them the book, but the truth is that all the 
evidence of stratigraphical relations in the figure quoted consists in coal seams 
being indicated in three distinct parts of the section, those to the right having 
a higher dip than those in the middle, and the latter again higher than those to 
the left. This is all ; there is not, so far as I can see, the smallest indication of 
unconformity, which is, I presume, what is meant by the beds be^ng said tc^ be 
discordant, since it is the only way in which a distinction between the different 
groups could he shown in the section. How far Dr. Feistmantel is correct in 
supposing that the upper and lower coal measures are “ slightly discordant ,y may 
be judged by the following extracts from the work in which the section cited 
appears. 

Mr. Clarke himself says a — 

“The fact that the coal beds overlie or interpolate the marine beds in what is called ‘con- 
formable order * ought to be considered a satisfactory conclusion that no break, such as ought to 
exist under other circumstances, does exist. . . 

There can, I think, be no question that Mr. Clarke here refers, to both upper 
and lower coal measures ; the sentence would be void of meaning otherwise, and 
in the previous sentence he refers. to the occurrence of ganoid fishes, which 


} Bee. G. & I., Vol. IX, p. 124. ^ a Mines and Mineral Statistics, p. 166. 

9 Evidently a misprint for section 6‘, * 
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have, so far as I know, only been found in the upper coal measures and overlying 
groups. 

The next two quotations from the same work are from the reports by Mr. 
Wilkinson, the Government Geologist, and are perfectly clear. He says — 1 

"The upper coal measures in the western district are about 480 feet thick, resting conformably 
on the marine beds of the lower coal measures. ” 

And again 2 — 

** These marine beds are conformable to the overlying plant-beds of the upper coal measures, 
but rest unconf ormably on the upturned edges of Devonian strata . 99 

Mr. Clarke, too, in a footnote, p. 170, quotes a report of Mr. Daintree’s on the 
country between Newcastle and Stony Creek, in which the following passage 
occurs : — “ Neither docs there seem any reason why Mr. Clarke should not place 
the Newcastle coal seams (his No. 3, carboniferous group, )in the upper portion of 
this Stony Creek group, no known unconformity existing. ” The Stony Creek 
group is, of course, the same as the “ lower coal measures, ” with marine fossils. 
Mr. Daintree’s opinion is of importance, for lie appears to have gone from 
Victoria to examine Mr. Clarke’s sections, the accuracy of which was doubted by 
the South Australian geologists, and to have confirmed Mr. Clarke’s views. 

These extracts arc, I fear, tedious, but they arc too important to be omitted, 
because they shew that Australian goologists do not admit the existence of any 
break between the upper and lower coal measures. 

The diaracterist vealhj me so zoic Taniopteris Daintrcei. — So far I have confined 
myself to the beds in New South Wales. As 1 stated at the outset, to mix up 
with them the beds of Tasmania, Queensland and Victoria tends to confuse. But 
as these latter beds are adduced as evidence of mcsozoic age, it is as well to ex- 
amine the proof. In the case 6f the Queensland beds, the age may at once be con- 
sidered as established on trustworthy evidence, 3 the plant layers with Taniopteris 
another fortes being above strata containing jurassic marine fossils, whilst the 
beds with Glossopteris occur at a lower horizon associated -with Palaeozoic mol- 
lusca, &c,, and underlying the jurassic deposits unconf ormably. Now, the upper 
Queensland beds 4 are said to contain two species of plants which oc f cur in other 
parts of Australia. One of these is Tamiopteris Daintrcei , 5 and the clue, affojdcd 

1 p. 130. 2 p. 132. 

3 Q. J. G. S., vol. XXVIII, 1872, pp. 325, &c. 

* Kec. G. S. I., IX, pp. 123, 124. 

6 The importance which Dr. Feistmantol attaches to this fossil is noteworthy. Thus, at p. 136 
he writes, “ The same J Phyllotheca Australis , McCoy, is also known from Victoria, together with 
Taniopteris Daintrcei , McCoy, which latter in Queensland is considered as characteristic of the 
tf^ebzoic (upper) coal beds. ” Again, p. 138, “ McCoy described it (Gangamopteris) first from some 
rooks ih Victoria, where no marine fossils occur, but where Tceniopteris Daintreei, McCoy, is found, 
* which latter in Queensland is considered as characteristic of the mesozoic hods there. With these 
also tyUotheca Australis, McCoy, occurred in Victoria^ Again, at the bottom of the same page, 

$ 'angamopteris is in Victoria found in certainly mesozoic rocks, being associated with 
McCoy, which is characteristic of mesozoic rocks in Queensland j ” and finally 
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by this fossil to the determination of the age of the beds in Victoria, and the 
reflected light thus cast upon Indian rocks through Gangamopteris amgustifolia and 
Phyllothwa, which are associated with Tceniopteris Daintreei in. Victoria are fre- 
quently noticed by Dr. Feistmantel. Tceniopteris Daintreei is also noticed *as occur- 
ring with Pecopteris Australis in Victoria, whilst in Tasmania Pecopteris Australis 
and Glossopteris occur together. 1 All this is quoted from McCoy, 2 with one slight 
omission ; the specific name of the Glossopteris is not mentioned, although McCoy 
states that it is G. Brounviana , and as this is admitted to be a palaeozoic species* 
its occurrence with the Pecopteris would neutralize the importance of the Tceniop - 
teris in any case. 

But I cannot understand how Dr. Feistmantel overlooked another remark of 
Professor McCoy’s on the next page, in which it is pointed out that the Queens- 
land specimen called Tceniopteris Daintreei is probably different from that of 
Victoria. Here is the brief description of each form — 

“ Tamiopteris Daintreei , McCoy, from Victoria . 3 General character . — Frond, simple or 
pinnate, long, narrow with a thick strong midrib , from which the veins extend nearly 
^ at right angles to the lateral edges, either once or twice forked or simple. 

u Tceniopteris Daintreei , McCoy, apud Carruthcrs, from Queensland . 4 Frond, simple (?), broad 
linear; midrib somewhat thick; veins leaving it at an acute angle, then passing out at 
right angles to the margin, once or twice dicliotomously divided.” 

T have italicised portions of the above, and 1 can only add that so far as I can, 
without any special botanical knowledge, give an opinion, it appears to me that, 
judging from the figures in the two works quoted, the two so-called Tceniopteris 
Daintreei of Victoria and Queensland must be very well marked and distinct 
species. It is scarcely conceivable that they can ho specifically identical. 

It is true that Pecopteris adontoptcr aides is said to be common to the Queens- 
land jurassic strata and to the Wyanamatta and Newcastle beds of New South 
Wales. But Carruthers himself points out distinctions in shape between his 
figures of the Queensland form and Morris’ representation of the New Sojith 
Wales fern, although he believes both to belong to the same species. 5 As there is 
a strong probability that the Queensland and New South Wales beds are really of 
different age, it is to be hoped that this question will he re-investigated. 

The remainder of the evidence as to the fossil flora of Victoria tends to show 
that .this flora cannot, in all probability, be much newer than the Newcastle beds 
of Australia. Phyllothect % and Gangamopteris angusti folia occur in both. It 

p. 143, “ I rtlust still once more state that the Australian Gangamopteris is from mesozoic strata in 
Victoria, together with Tceniopteris Daintreei , McCoy.” 

1 Bee. G. S. I., vol. IX, pp. 121, 122, 123. 

* Prodrome, Pal. Viet., Dec. II, pi. XIV. 

# Prodrome, Pal. Viet. Dec, II, p, 15. 

4 Qf. J. G. S„ Vol. XXVIII, 1872, p. 355. 

fl This fern has been referred by Morris and Carruthcrs to Pecopteris , by McCoy to 
Gleichenites, by Dr. Feistmantel to Thinnfeldia , and by a Belgian writer, Fr. Crepin, to Otopteris — 
Bull. Soc. Boy. Belg., vol. XXXIX, p. 258. Can all have examined the Bame fossil ? The figures 
appear to me to show considerable variation. 
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would, therefore, be of some importance if the beds of Victoria were really con- 
nected with the jurassic plant-beds of Queensland. As it is*, there is really no 
evidence, except the plants, to show that the Victoria beds are mesozoic/ 

Ganoid fah of Australian beds . — Before leaving the Australian beds I have to 
call attention to the very important* evidence as to the age of the whole series in 
New* South Wales, afforded by the remains of fish. I have already shown that 
Dr. Feistmantel is mistaken in saying that the upper coal measures of Australia 
contain no animals, and that he has himself mentioned those animals in another 
page. The known forms consist of ganoid fishes, and the following have been 
described and figured : — 

Palaoniscus antipodeus. From Wyanamattabeds. 

Chleithrolepis granulatus. Cockatoo beds between Wyanamatta and Hawkes- 

bury. ’ 

Myriolepis Clarkei. 

JJrosthenes Australis. Newcastle beds. 

The question of the relations of these fish has been thoroughly stated by Sir 
P. Egerton, 1 certainly one of the highest living authorities, and, he concludes 
thus 8 — • 


** With regard to the larger question of geological period, there apppears to be sufficient 
evidence to stamp these remains ns belonging to the palaeozoic age.” 

He proceeds to give the range of the nearest allies in Europe, and to show that 
representatives of all the forms named are associated in the greatest numbers in 
permian strata (Kupferscheifer). It would be easy to quote authorities for the 
much greater importance to be attached to fish remains as evidence of age 
than to plants, all I have to do now is to point tout that the evidence of 
the fish tends to place the whole of the New South Wales rocks from the 
Wyanamatta beds downwards in the palaeozoic epoch. It is quite true that 
in his later papers Mr. Clarke has classed the Wyanamatta and Hawkesbury 
beds as lower mesozoic, and probably he is right in doing so, but the plant 
evidence in favour of this view is of precisely the same nature as that on the 
strength of which Qlossopteris Browniana and its carboniferous associates were 
long classed as jurassic. Probably the Wyanamatta and Hawkesbury beds are of 
the same age as some of the rocks in Victoria, and they may be approximately of 
iriassic age, or they may be partly permian or intermediate between permian 
and trias, but their horizon is not ascertained with accuracy. 

, Glossopteris beds in South Africa . — There is another locality in the southern 
hemisphere, where, apparently, representatives of the Damuda* formation may 
he traced. Dr. Feistmantel’s principal object being to trace the connexion 
^'hetween the Damuda plants and the mesozoic flora of Europe, he has alluded 
briefly to the African rocks. 3 They are important because although very 


: 9 Rec. G. S. I., Vol! IX, p, 71, 
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little i 8 known of their flora, the little that h&s been ascertained indicates a very 
close connexion with that of Indian and Australian beds. 

The plants occur in the upper groups, the Stormberg and Beaufort beds of 
the Karoo series ; the latter being the principal Dicynodont beds, and containing 
the following species, which have been described by Mr. Tate 1 : — 

Gkssopteris Browniana (the specific identification may perhaps be questioned, 
but the species is doubtless closely allied). 

G. Sutherlandi , a narrow form like G. angustifolia and G. leptoneura . 

j Uuhidgea& Mackayi, very closely allied to the Damuda Palaovittaria , if not 
generically identical. 

Dictyopteris simplex; this has been shown by Dr, Fei&tmantel 3 to be a 
Gbssopteris allied to some Indian (Damuda) species. 

Some equisetaceous stems referred to Phyllotheca . s 

There is here a remarkable similarity to the Damuda flora. Only ferns and 
Equisetace# are known ; all the ferns belong to the simple-leaved forms so abund- 
ant in the Damuda beds, and three out of the five plants belong to Glossopteris. 
There is nothing approaching to this amount of similarity in any known European 
fossil flora, and the close connection between this ancient association of plants in 
Indian, South African and Australian strata tends strongly to support the idea 
of a former land connection between these countries, a probability which is 
strengthened in the case of South Africa, by the representation of certain Raj- 
mahal forms in the jurassic Uitenhage series, and by close alliances between 
jurassic and cretaceous marine fossils belonging in some cases, in all probability, 
to littoral forms. The relations of the Panchet Dicynodon and the Mangli 
Brachyops to African forms are also worthy of notice. 

Karharbari group. — A few words are necessary as to the reasons for distinguish- 
ing this group. The coal-bearing rocks of the Karharbari coal field were 
originally classed as Barakar (Lower Damuda) by the Survey, 4 but after the 
fossils associated with the coal had been determined by Dr. Feistmantel^ the 

» Q. J. G. S., 1867, p. 140. * Rec. G. S. I., Vol. IX, p. 73. 

* Besides these Dr. Feistmantel notices, Rec. G. S. I., Vol. IX, page 73, the occurrence of a species 
probably belonging to Qangamopteris , " described by Mr. Tate, from the Karoo beds (triassic) in 
South Africa as Cyclopteris Jenkinsiana A reference to the original description (Q. J. G. S., 
1867, Vol. XXIII, p. 146) will show that Dr, Feistmantel is mistaken, as this plant was described from 
the higher Uitenhage series, classed as jurassic, and not from the Karoo beds. 1 am, to some 
extent, responsible for the error, as I edited the paper, but 1 was not then aware of the amount 
of revision required fcy Dr. FeistmanteFs papers. 

4 Mem. G. S. I., Vol. VII, p. 209. 

« 1 regret to be obliged to call attention to the manner in which Dr. Feistmantel has repeat- 
edly mentioned the dates at which these and other fossils were discovered (see especially Rec. 
G. S. I., Vol. IX, p. 119 ; Geol. Mag. 1876, p. 489, footnote 12), in order to cast discredit upon myself 
and others* and to cause it to be believed that 'these plants were known at a time when I had stated 
that they were undiscovered. Dr. Feistmantel has omitted to state that the fossils mentioned bad 
been packed away in drawers and boxes, and with, 1 believe, one exception, had not been identified 
by any one. Of the exception no notice had appeared in print ; the specimen had not been 
exhibited# and; its existence was not known to the Survey generally. 
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occurrence in great abundance of Certain forms, such as VoUzia and Nmropteris, 
which had never been noticed in true Damuda rocks, made me suspect that there 
must be some distinction in the beds, and this view was strengthened by further 
examination of the flora. In July last Mr. Hughes and I paid a short visit to 
Karharbari, and by the assistance of Mr. Whitty, Superintendent of the East 
Indian Railway Co/s collieries, we, were enabled to see much of the ground in a 
short time. We came to the conclusion that there was an important distinction 
between the Karharbari coal and that of the Damuda series (both Bar&kar and 
Raniganj), the laminated structure so peculiarly characteristic o^ Damuda coal 
being almost absent in the Karharbari seams, and, moreover, the conglomeratic 
beds associated with the Karharbari strata contained subangular fragments, 
whereas the Bar&kar pebble beds contain usually none but well-rounded pebbles. 
The topmost beds in the little field had rather the aspect of Bar&kars, and some 
indications appeared to suggest that these beds overlapped the Karharbari group 
nnconformably, but this was not by any means clearly determined. Still, con- 
sidering the great similarity between all the coal-bearing beds, the distinctions 
noticed all tended to bear out the separation of the group first suggested by the 
fossils. 

The following is a list of the fossil plants determined by Dr. Feistmantel : — 

EQUI8ETACE2E— 

Tertebraria Indica, very rare. 

Schizoneura sp-, near Equisetum Meriani. 

Filices — 

Neuropteris valida. 

Gangamopteris cyclopteroides . 

G. angustifolia, and two other species of Gangamopteris. 

Glossopteris deqipiens . 

G. communis. 

Sagenopteris Stoliczhana. 

OYCADBACKjB — 

Glossozamites Stoliczhana. 

Noeggerathia (Zamia ?) Hislopi. var. 

N. {Z. ?), sp. 

A peculiar genus, unnamed. 

Comifekj; — 

I r oltzia heterophylla. 

Albertia , sp. 


If this flora be compared with that of the Damuda series quoted at page 134, a 
very marked difference will be noted, a difference nearly, if not qnite, as marked 
^kS that which divides the Damudas from the Panchets, and which is considered 
by Feistmantel to justify the classification of the former as Bunter, and of 
the latter as Kenper. Out of four fairly recognized plants in the Panchet beds, 
I s 'btte'is a Damuda form, but it is the commonest and best preserved of the Panchet 
Of the sixteen species above mentioned only three are known to be 
* also in the Damudas, viz,, Glossopteris communis. Vertebrarid Indica and 
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Noeggerathia Nislopi ; of these, Vert ebr aria is very rare and the Noeggerathia differs 
from the Damuda form, whilst the commonest plants of the Karharb&ri strata, 
Gcmgamopteris cyclopt&roides and Neuropteris yalida, are unknown in the Damuda 
series. Moreover, although the Talehirs are, as a rule, unfossiliferous, a few 
remains of plants have occasionally been found in them, and all hitherto found 
have been Karharbari species. It appears, therefore, clear that on paleontological 
grounds the Karharbari beds must be separated from the Damudas and classed 
with the Talehirs, and that this distinction is confirmed by differences in mineral 
character be^reen the Damuda and Karharbari beds. Thus, the lower Gond- 
wanas of Bengal consist of three well-defined sub-divisions, Panchet, Damuda 
and Talchir, each with a distinct flora. I should add that Mr. Hughes, who has 
more experience of the Gondw&na beds, and especially of the lower Gondwanas, 
than any other officer of the Geological Survey of India, concurs in the distinc- 
tion of the Karharbari beds from the Damudas. 

There can, at the same time, be no question that there is a distinct and very 
marked connexion between the flora just cited, and that found in the Bunter 
group of Europe. The connexion is, on the whole, not so great as that which 
exists between the plants of the Damuda series and those of the Australian coal 
measures ; but still, if Voltzia heterophylla be correctly determined, and I see no 
reason for doubting the identification, one characteristic Bunter plant is present in 
the Karharbari beds, and two other Karharbari forms, Neuropteris valida and the 
Albertia , appear to be closely allied to the Bunter species: The connexion with the 
coal measures qf Australia (Newcastle and Stony Creek) beds is not, on the 
whole, so strong as in the Damudas, although Gangamopteris angustifolia 1 is a 
species found in the Newcastle group, and the Vertebraria , Glossopteris and 
Noeggerathia are closely allied to Australian coal measure forms, so that altogether 
there is quite as good reason on the evidence of the flora for connecting the 
Karharbari beds by homotaxis with the Australian beds, classed as palaeozoic 
by the most competent Australian geologists, as with the lower trias of Europe. 
In the Karharbari beds, too, as in all other Gondwana plant-bearing beds, there 
are relations to several different European formations. Thus Nquisetum Meriomi 
to which a Karharbari plant is said to be nearly allied is upper triassic (Keuper), 
Sagenopteris is upper triassic, rhsetic and jurassic, being apparently best developed 
in the oolites ; Glossozamites is not known below the lias. 

It is urged by Dr. Feistmantel 2 that the triassic and mesozoic affinities of the 
Karharbari plants, belonging to the lowest known flora of the Gondwdna system, 
tend to Bhow that the Karharbari beds are “ triassic or at least mesozoic,” and he 
points out the bearing of this fact upon the age of the overlying Damudas. So 


1 This circumstance was not noticed by Dr. Feistmantel, Bee. G. S. I., Yol. IX, p. 138, when 
he recorded the. occurrence of Q. anqusitfolia at Karharbari. He only mentioned the existence of 
the species in Victoria “ in certainly mesozoic rocks/’ together “ with Taniopteris Daintreei \ 
McCoy, which is characteristic of mesozoic rocks in Queensland.” See ante, p. 142. Qangamop - 
Writ angustifolia was originally described as a CyclopterU by McCoy from the Newcastle coal 
measures, Ann. Mag. Nat. Hist. 1847, Serf 1, XX, p. 148. 

, « Rec. G* S. I., Vol. X, p. 139. 
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far as it goes, the argument is fair and fairly urged, but it is not conclusive, and 
it cuts both ways. Dr. Feistmantel has omitted to note that there ig nearly, if 
not quite as strong a link between the Karharbari beds and the upper coal mea- 
sures of Australia, and he also forgets that if, as Mr. Clarke and other Australian 
geologists consider, those upper coal measures are paleozoic, and if fossil plants, 
like Voltzia t are adequate to determine age, the marked palaeontological connec- 
tion between the Damuda and Newcastle beds, more marked than the Bunter 
affinities of the Karharb&ri strata, would show the Damudas to be palaeozoic, and 
the Karharbari beds are older than the Damudas. k 

Talchir group. — T he close association of the Talchir and Karharbari groups 
renders it probable that any age which must be assigned to the one must be 
attributed to the other also. The view appears to be gaining ground rapidly that 
the connection between permian and trias is greater than was at one time sup- 
posed, but there are numerous indications that the permian rocks, containing the 
poorest of all known faunas of a great geological epoch, and corresponding to the 
greatest change in animal and vegetable life of which any record has been pre- 
served in the whole palreontological sequence, may have been, as suggested by 
Professor Ramsay 1 many years ago, a cold period like the Glacial epoch, which 
has in comparatively recent times affected our planet, but more severe or more 
prolonged. The evidence of ice-borne boulders in the Talchir beds, as pointed 
out by my brother, Mr. H. F. Blanford, 55 agrees with similar indications of 
glacial transport in England and in South Africa, and this clue, however faint, 
appears to me more promising than the relations of fossil plants. 

It would, however, be an omission if I did not call attention to a fact whioh 
is of some importance, viz., that in certain permian European floras mesozoic 
forms are much better represented than paleeozoic. Compare, for instance, the list 
of plants recently described by Heer from Fiinfkirchen. 3 This flora comprises the 
genera Baiera, Voltzia and Schizolepis , all mesozoic types, together with TJllmania , 
wlqph is peculiar t6 permian beds, there being but one carboniferous genus 
present. 

In formulating the conclusions for which I have endeavoured to show my 
reasons in the preceding pages, I shall only notice the more important. 
If Dr. Feistmantel chooses to reply, I beg to point out that these are ^ the essential 
questions to be decided. It is no answer to me to prove that I have overlooked 
tome paragraph of his, or that I have made a slip about the name or relations of 
a fossil-plant. I do not pretend to a knowledge of palaeo-botany, and I shall 
probably be shown to have erred in some trifling and secondary matters, as I did 
before. As no competent critic has hitherto attempted to analyse Dr. Feistmantel’s 
work, and as I believe I have shown that work to be deficient in accuracy, I ask 
geologists to suspend their judgment as to his conclusions until, these have been 

' ;/ ; > Q. J. G> S., VoL XI, 1865, pi 198, Ac. # 

'f* *4 J.:<3L S., 1875, p. 628. * 

& crag. Gaol An»t, Vol. V, 1876, quoted in Verb. K. K. Geol. Reichsflilst Wien. 
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re-examined by a practised palaeontologist. My object is gained if I have called 
attention to the subject, and have defended my old colleagues from Dr. Feistmantel’s 
systematic, if unintentional, tendency to disparage their work. 

The conclusions are as follows : — 

I. The evidence adduced by Dr. Feistmantel to prove that the TJmia beds of 
Cutch are not upper jurassic would be insufficient, even if it were correct, and 
the greater portion of it is incorrect. Some of the forms, and amongst these 
the most important, quoted as evidence of an older age, really confirm Dr. 
Waagen’s view that the beds are highest jurassic, (Tithonian or Portlandian) 
and the Cutch plant-beds may have been contemporaneous with Wealden, as Dr. 
Stoliczka considered. 

II. The evidence brought forward to prove the BAjmahal beds lias is insufficient 
to justify the conclusion. 

III. No sufficient proof of connection between the Panchet group and the 
Keuper has been adduced to show that the two are of the same age or related by 
homotaxis. 

IY. The evidence on which the Mangli beds are classed as rhcetic and as 
newer than the Panchets is based upon various mistakes and omissions, whilst 
the geological evidence upon which the Mangli beds were referred to the Kamthi 
group (probably older than Panchet) is indisputable, and would suffice to show 
Dr. Feistmantel’s classification of the beds to be erroneous, even if his palaeonto- 
logical data were correct, which they are not. 

Y. In short, if the affinities of the plant-fossils with those in European rocks 
were alone regarded, the whole Gondwana system above the KarharMri group 
would be probably classed as equal to European beds from middle jurassic to 
rhsetic, and it is highly probable that the lower Gondwdna Damuda flora would 
be classed as newer than the upper Gondwana E-ajmahdl, as indeed it has 
been, in part at least, by no less authorities than De Zigno and Schimper. 
On the evidence produced by Dr. Feistmantel himself, both* Bajmahals and Pan- 
chets are most closely affined by homotaxis to the same minor European formation, 
the rheetic, although between the two Indian groups there is the greatest break, 
both stratigraphical and palaeontological, in the whole Gondwana system. 

VI. No evidence of any value has been produced to establish the classification 
of the Damuda series as lower triassic (Bunter) ; the Damuda flora has far less 
in common with the Bunter, or with any triassic European flora, than with 
that of the upper coal measures of Newcastle, &c., in New South Wales, and the 
mesozoic relations of the Damuda flora, which, after all, are not stronger than the 
affinities to the Australian upper coal-measure flora, are made out by selecting 
for comparison plants from various European formations ranging from middle 
jurassic to lower triassic. 

VII. The classification given by Dr. Feistmantel, and stated to be on the autho- 
rity of Mr Clarke, for the Australian plant-bearing beds, differs materially from 
all the data published by Mr. Clarke himself, and the union of the Newcastle 
beds with the Wyanamatta and ESawkesbury rocks instead of with the lower coal 
measures of Stony Creek, Ac., is opposed to all the published evidence, and is 
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supported by arguments which are either inaccurate or insufficient. No reasons 
of any value have as yet been assigned for the separation of the Newcastle beds of 
Australia from the lower coal measures with marine fossils. 

VIII. The Karharb&ri beds must be separated from the Damudas and classed 

with the Talchirs, and the palaeontological distinction from the Damudas is equal 
to that on the strength of which the Panchets were removed form the Damuda 
series. *. 

IX. It is just as reasonable to assert that the Damudas and Karharb&ri beds are 
carboniferous, because plants, such as Glossopteris Browniana, which are proved to 
be of carboniferous age in Australia, occur in the higher of the Indian groups, 
as it is to conclude that the whole of the lower Gondwanas are mesozoic because 
some triassic European forms, such as Voltzia heteropkylla , are found in the inferior 
Indian subdivision, but in neither case is the evidence such as to render it wise to 
come to any positive and unqualified conclusion. 

X. That the upper Gondwana may be taken approximately as equivalents 
of the European jurassic series, and the lower Gondw&nas also approximately 
as triasso-permian, but that anything like close definition of minor horizons 
in the Gondw&na system, or any attempt at establishing the exact correspondence 
of different groups in India and Europe is premature. 

XI. Finally that, as the veteran botanist Alphonse de Condolle has recently 
pointed out , 1 an attempt to determine geological epochs in countries remote from 
Europe by fossil plants alone, can only lead to error. I doubt whether terrestrial 
and fresh-water animals are much more distinctive of geological age than plants. 

On a review of the whole subject of the age of the Gondw&na system I can only 
conclude, first , that Dr. F eistmantel ’s attempt to make all the In dium groups fit 
into the established grooves in the European sequence is a failure ; and, secondly , 
that the constant assertion that particular groups belong to dis t in ct European 
sub-divisions such as lias, Keuper or Bunter, is misleading and unscientific. I believe 
that the plan pursued by Dr. Oldham and by all the other members of the Indian 
Geological Survey before Dr. F eistmantel’ s arrival, of abstaining from any attempt 
at exact correlation, and of using due caution in suggesting relations of beds, was 
wiser and more scientific than Dr. Feistmantel’s positive assertions as to the age 
of various Indian rocks. 


On w Remarks, &c., by Mr. Theobald upon Erratics in the Punjab.” 

(Records, Geological Survey of India, Vol. X, p. 223.) 

Referring to these remarks, I wish to suggest that the ambiguity noticed 
disappears when the subject is considered from the general point of view in 
whidb it presented itself to me. > 

» The erratics of the Punjab were treated of in my paper simply as wandering 
,/ftegMttts, some of which could be attributed to ice flotation, and some to other 


VBibHothtque Univereelle, Arch. Sci, Phys, Nat. 1875, Vol. MV, p . 399 . 
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local transporting agency ; though there was evidence to connect these also with 
glacial conditions. 

I did not refer these erratics collectively to any particular or post-tertiary 
glacial period, because some of them presented indications of older glacial con- 
ditions. My object was to record the presence of travelled (erratic) masses, and 
the probable mode of accounting for them, rather than to establish their chrono- 
logical relations, or advance theories regarding glacial conditions in the Punjab.. 

I think the origin most lately relied upon for the red granite blocks in the 
direction of the Salt Range open to uncertainty, both on account of the quantities 
of these blocks locally present, and of the disintegrating nature of granites 
generally, but still inore, because the conformity of the whole Salt Range Beries, 
long since pointed out by Mr. Theobald (Journal, Asiatic Society of Bengal, 
XXIII, 1854, p. 656) is opposed to the idea that boulders derived from this series 
below the nummulitic groups could bo enclosed in upper members of the same 
conformable sequence of beds. 

The largest of these red granite blocks present no essential difference in their 
maimer of occurrence from that of the other masses supposed to have been ice- 
borne ; they cannot be traced to local disintegration of a boulder bed below the 
Obolus zone, as this conglomerate does not occur in their vicinity, and they greatly 
exceed in size the blocks of the adjacent cretaceous (?) boulder bed. 

Being evidently transported detrital masses, I conceive that the name “ erratics” 
is applicable to the whole of these travelled boulders of the Upper Punjab. 1 

A. B. WYNNE. 

* 

January 1878. 

1 Having so defined the word erratic , Mr Wynne is, of course, entitled to the benefit of the 
explanation. According to current usage, an erratic would certainly be understood to imply 
transport by ice, if not even an appropriation to the familiar glacial period. The essential 
meaning the word seems fitted to convey is some form of dotation distinct from the ordinary 
agencies of denudation. As meaning simply a stone not in place, the word would be of very little 
use.— H. B. M. 
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Paris 


L’Admtnb des Mines. 

Annals and Magazine of Natural History, Itli Series, Vol. JKX, Nos. 117-110 
(1877), Hvo, London 

Archiv fiir Naturgeschichte, Jahrg XL, heft 6; XLI, heft 5; and XLIIJ, heft 2-3 
(187 1, 1875 and 1877), 8vo, Berlin. 

Athenaeum, Nos. 2603 — 2615 (1877), 4to, London. 

Bibliotlieque U ni versclle et Revue Suisse, N ow Series, V ol LV1 , N o 224 ; Vol LI X, 
Nos. 235-236, and LX, Nos. 237-238 (1876-77), Hvo, 
Lausanne. 

• ,, Archives des Sciences Physiques et Naturcllcs, New Scries, Vol. 

LVII, Nos. 227-228 (18 77), 8vo, Geneva. 

Chemical Nows, Vol. XXXVI, Nos. 020-941 (1877), 4to, London. 

Colliery Guardian, Vol. XXXIV, Nos. 871-883 (1877), fol., London 

Geographical Magazine, Vol. IV, Nos. 0-12 (1877), royal 8vo, London. 

Geological Magazine, New Series, Decade II, Vol. JV, Nos. 0-1 1 (1877;, Hvo, 
London. 

Journal do Conchyliologic, 3rd Series, Vol. XVII, No. 3 (1877), 8vo, Paris. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 
5th Series, Vol. IV, Nos. 24-26 (1877), 8vo, London. 

Mining Journal, with Supplement, Vol. XLVII, Nos. 2104-2206 (1877), fol., 
London. 

Nature, Vol. XVI, Nos. 411-422 (1877), 4to, London. 

Neues Jahrbuch fiir Mincralogic, Geologic und Palsoontologie, Jahrg. 1877, heft 
2 and 7-8 (1877), 8vo, Stuttgart. 

Pal roontograp h ica, Band XX, Abth. 2, Lief. 5 (1874), 4to, Cassol. 

Petermann, Dr. A . — Gcographische Mittheilungcn, Band XXII I, Nos. 0-11 
(1877), 4to, Gotha. 

Petermann, Dr. A.— Gcographische Mittheilungcn, Supplement— Band XLI, 
(1875), 4to, Gotha. 

Professional Papers on Indian Engineering, 2nd Series, Vol. VT, No. 26 (1877 ># 
8vo, Roorkoo. 

Thomason College op Civil Enmneeiei 

u 
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Quarterly Journal of Miorosoopical Science, New Series, No. LXVIII (1877) 
8vo, London. 

Quarterly Journal of Science, No. LVI (1877), 8vo, London. 

Reports of the Mining Surveyors and Registrars for quarter ending 30th Jun 
1877 (1877), fisc., Melbourne. 

n-AVGiiivuvKrn ‘M’lxiTxrn 


# GOVERNMENT SELECTIONS, &c. 

JSombay.t— G azette of the Bombay Presidency, Vol II, Gujarat, Surat, and Broach 
(1877), 8vo, Bombay 

Bombay Government. 

Bfirusu Burma. — Report on Civil and Criminal Justice in British Burma for 
1870 (1877), 8vo, Rangoon 

Chief Commissioner of British Burma- 


Central Pro vino Lb — Report on the Administration of tho Central Provinces for 
1870-77 (1877), 8vo, Nagpur. 

Chief Commissioner, Central Provinces- 
JEjLynrRABAD. — Report on the Administration of the Hyderabad Assigned Districts 
for 187G-77 (1877), 8vo, Hyderabad. 

The Resident, Hyderabad. 
India. — Annual Administration Report of the Garo Hills for 187G-77 (1877), 8vq, 
Calcutta 


Forfign Department. 


„ Annual Administration Report of the Naga ITillfc, Political Agency for 
1870-77 (1877), 8vo, Calcutta. 

• Ditto. 

w Indian Meteorologist’s Vade-Mecum, Parts T and II and Tables for tho 
Reduction of Meteorological Observations in India (1876), 
j8vo, Calcutta 

Meteorological Reporter. 


Just of Civil Officers holding Gazetted Appointments, under tho Govern- 
ment of India, in the Homo, Legislative, and Foreign 
Departments on 1st July 1877 (1877), 8vo, Calcutta. 

Home Department. 


Lists of Officers in the Survey Departments on the 1st October 1877 
(1877), fisc., Calcutta. 

Department of Revenue, Agriculture and Commerce. 
^Selections from tho Records of tho Government of India, Foreign 
Department, No. 138. Report on the Acbninistration of 
the Persian Gulf Political Residency and Muscat Political 
Agency, 1876-77 (1877), 8vo, Calcutta. 

T7at>ib t /tu n«ninmi'Vin!i 
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India. — Selections from the Records of the Government of India, Foreign 
Department, No. 139. Report on the Political Adminis- 
tration of the Rajpootana States for 1876-77 (1877), 8vo, 
Calcutta. 

* , Foreign Department 

„ Selections from the Records of the Government of India, Foreign De- 
partment, No. 140. Report on the Administration of the 
Ajmere and MKairwara Districts for 1876-77 (187^), 8vo, 
Calcutta* 

Foreign Department. 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES. 

Batavia.— Berg, L. W. van den. — Verslag van Maleische Arabisclib Javaansclic 
Handschriften (1877), 8vo, Batavia. 

The Society. 

„ Catalogus der Ethnologischc Afdeeling van het Museurh van hot Bata- 
viaasch Gcnootschap (1877), 8vo, Batavia. 

Ditto. 

„ Hfet Maleisch der MolUkten (1876), 4to, Batavia. 

Ditto. 

„ Notulen van det Bataviaasch Genootschap, Deel XIV, Nos. 2-4 (1876-77), 
8vo, Batavia. 

Ditto. 

,, Tijdschrift voor indischc Taal-Land-en Volkenkunde, Deel XXIII, Nos. 
5-6, XXIV, Nos. 1-3 (1876-77), 8vo, Batavia. 

Ditto. 

Berlin.— ^Monatshericht der k. Preuss. Akademie der W is^enschaf ten, Jun^to 
August (1877), 8vo, Berlin. 

The Academy* 

,, Zeitschrift der Deutschen Geologischen Gesellschaft, Band XXIX, heft 
2 (1877), 8v0, Berlin. 

The Society. 

9i Zeitschrift fiir die Gesammten N aiurwissenschaf ten, New Series, Band 
XIV, Nos. 10-12 (1876), 8vo, Berlin. 

Boston.— Annual Report of the Trustees of the Museum of Comparative Zoology 
for 1875 and 1876 (1876-77), 8v6, Boston. 

* The Museum. 

„ Memoirs of the Boston Society of Natural History, Vol. II, Pt. IV, 
No. 5 (1877), 4to, Boston. 

, The Society! 

„ Proceedings of the Boston Society of Natural History, Vol. XVIII, 
Pts. 3 and 4 (1876), 8vo, Boston. 


Ditto. 
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Boston. — Proceedings of the American Academy of Arts and Sciences, New 
Scries, Vols. II1-IV (1876-77), 8vo, Boston. 

* The Academy. 

B ud ape ST.— Mittheilungen ausdem Jahrbuche der ton. Ungarischen Geologiscben 
Anstalt, Band VI, heft 1 (1877), 8vo, Budapest. 

The Institute. 

Buffalo. — Bulletin of the Buffalo Society of Natural Sciences, Vol. Ill, No. 4 
(1877), 8vo, Buffalo. 

The Society. 

Calcutta. — Journal of the Asiatic Society of Bengal, No. 114 (1841), 8vo, 
Calcutta. 

Ditto. 

„ Journal of the Asiatic Society of Bengal, New Series, Vol. XL VI, 
Part II, No. 3 (1877), 8vo, Calcutta. 

Ditto. 

„ Proceedings of the Asiatic Society of Bengal, New Series, No. 9, 
November (1877), 8vo, Calcutta. 

Ditto. 

Cambridge, Mass. — Bulletin of the Museum of Comparative Zoology, Vol. IIT, 
Nos. 8-16 (1876), 8vo, Cambridge. 

Comp. Zoology Museum. 

„ „ Illustrated Catalogue of the Museum of Comparative Zoology, 

Vol. VII, Parts 4 and 8, Part 1 (1874), 4to, Cambridge. 

Ditto. 


„ Memoirs of the Museum of Comparative Zoology, Vol. II, No. 9 ; IV, 
No. 10; and V, No. 1 (1876-77), 4to, Cambridge. 

Ditto. 

Davenport. — Proceedings of the Davenport Academy of Natural Sciences, Vol. I 
(1867-76), 8vo, Davenport. 

The Academy. 

Frankfurt. — Abhandlungen der Senckenbergischen Naturforschenden Gesells- 
* chaft, Band XI, beft 1 (1877), 4to, Frankfurt. 

Glasgow. — Proceedings of the Philosophical Society of Glasgow, Vol. X, 2 
(1877), 8vo, Glasgow. 

The Society. 


Lausanne. — Bulletin de la Soci6t6 Vaudoise des Sciences Naturelles, 2nd Series, 
Vol. XV, No. 78 (1877), 8vo, Lausanne. 

* Ditto. 

IjIVERPOOL. — Proceedings of the Liverpool Geological Society, Vol. Ill, Part 2 
(1876), 8vo, Liverpool. 

* * Ditto. 

London.— A Guide to the Exhibition Rooms of the British Museum, Departments 
of Natural History and Antiquities (1877), 8vo, London. 
1 ^: v ' British Museum. 
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London. — Butler, A. G. — Illustrations of Typical Specimens of Lepidoptera 
Heterocera in the British Museum, Part I (1877), 4to, 
London, * 

British Museum. 

„ Owen, Bichard. — Descriptive and Illustrated Catalogue of the FosbU 
Beptilia of South Africa in the British Museum (1876), 
4to, London. 

Ditto. 

„ Sharpe, B. B. — Catalogue of the Passeriformes in the British Museum, 
Vol. Ill (1877), 8vo, London. 

Ditto. 

„ Smith, F. — Catalogue of the British Bees in the British Museum 
(1876), 8vo, London. 

Ditto. 

„ Woodward, H. — Catalogue of the British Fossil Crustacea (1877), 
8vo, London. 

Ditto. 

„ 4 Journal of the Anthropological Institute of Great Britain and Ireland, 
Vol. VII, N o. 1 (1877), 8vo, London. 

„ Journal of the Linnean Society of London, Zoology, Vol. XII, No. 64 
to XIII, No. 71. Botany, Vol. XV, No. 85, to XVI, No. 92, 
with list of Fellows for 1876 (1877), 8vo,* London. 

The Society. 

„ Transactions of the Linnean Society, 2nd Series, Zoology, Vol. I, Part 
4; Botany, Vol. I, Part 4 (1876-77), 4to, London. 

Ditto. 

„ Journal of the Boyal Asiatic Society of Great Britain and Ireland, 
New Scries, Vol. IX, Part 2 (1877), 8vo, London. 0 

Ditto. 

„ Journal of the Boyal Geographical Society, Vol. XL VI (1876), 8vo, 
London. 

Ditto. 

„ Proceedings of the Boyal Geographical Society, Vol? XXI, Nos. 4-6 
(1877), 8vo, London. 

Ditto. 

„ Proceedings of the Boyal Society of London, Vol. XXVI, Nos. 181-183 
(1877), 8vo, London. 

Ditto. 

„ Proceedings of the Zoological Society of London, Part II (1877), 8vo, 
London. 

Ditto. 

„ Transactions of the Zoological Society of London, Vol. X, Part 2 
(1877), 4to, London. 


Ditto. 
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London. — Quarterly Journal of the Geological Society of London, Vol. XXXIII, 
Part II, No. 130, and Part III, No. 131 (1877), 8vo, London* 
# British Museum. 

„ Report of the 46th Meeting of the British Association for the Advance* 
m6nt of Science (1877), 8vo, London. 

MOnchen.— Abhandlungen der math. phys. classe der k. Bay. Akademie der Wis- 
senschaften zu Miinchen, Band XII, Abth. 3 (1876), 4to, 
Miinchen. 

The Academy. 

9) Sitzungsberichte der math. phys. classe der k. Bay. Akademie der 
Wissenschaften zu Miinchen, Heft. II (1876), 8vo, 
Miinchen. 

Ditto. 

Paris. — Bulletin de la Societo Gdologique do France, 3rd Series, Yol. IV, 
Nos. 11-12, and Vol. Y, Nos. 4-6i(1876-77), 8vO, Paris. 

The Society. 

Penzance. — Transactions of the Royal Geological Society of Cornwall, Vol. IX, 
Part 3 (1877), 8vo, Penzance. * 

Ditto. 

Philadelphia. — Journal of the Academy of Natural Sciences, New Series, 
Vol. VIII, Part 2 (1876), 4to, Philadelphia. 

The Academy. 

„ Journal of the Franklin Institute, 3rd Series, Vol. LXXIV, 

Nos. 3-5 (1877), 8vo, Philadephia. 

The Institute. 

„ Proceedings of the American Philosophical Socieiy, Vol. XV, 

* No. 96; and XVI, No. 98 (1876-77), 8vo, Philadelphia. 

The Society. 

Plymouth. — The 62nd and 63rd Annual Reports of the Royal Society of Corn- 
wall (1876-77), 8vo, Plymouth. 

Ditto. 

Rome. — BollettiMo R. Comitato Geologico d’ Italia Nos. 7-10 (1877), 8vo, Rome. 

The Geological Commission. 

Salem, Mass. — Bulletin of the Essex Institute, Vol. VIII (1876), 8vo, Salem. 

The Institute 

St. Petersburg.— Bulletin de l’Acad^mie Imp riale des Sciences de St. 

Petersbourg, Voli XXII, Nos. T-4, and XXIII, Nos. 1-0 
(1876-77), 4to, St. Petersburg, 

The Academy. 

jy Memoires de l’Acad&nie Imp^riale des Sciences de St. 

Petersbourg, 7th Series* Vol. XXII, Nos. 11-12 ; XXIII, 
2-8; XXIV, 1-3 (1876-77), 4to, St. Petersburg. 

Ditto. 
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Stuttgart.— Wurttembergische naturwissenschaftliche Jahreshefte, J ahrg» 

XXXIII, heft. 3 (1877), 4to, Stuttgart., 

Sydney. — Rules and List of Members of the Royal Society of Now South Wales 
(1877), 8vo, Sydney. 

The Society* 

Toronto. — Canadian Journal of Science, Literature and History, New Series, 
Vol. XV, Nos. 6-7 (1877), 8vo, Toronto. 

The Institute. 

Vienna.— Abhandlungcn der k. k. Geologischen Reichsanstalt, Band VII, Part 
° 4 ; and IX (1877), 4to, Vienna. 

Ditto. 

Vienna. — Jahrbuch der k. k. Geologischen Reichsanstalt, Band XXVII, Nos. 1-2, 
(1877), 8vo, Vienna. 

Ditto. 

„ Verhandlungen der k. k. Geologischen Reichsanstalt, Nos. 1-10 (1877), 
8 vo, Vienna. 

Ditto. 

Washington.— Annual Report of the Board of Regents of the Smithsonian 
Institute for 1875 (187G), 8vo, Washington. 

Ditto. 

„ Bulletin of the U. S. Geological and Geographical Survey of the 

Territories, 2nd Series, No. 2, and Vol. Ill, Nos. 2-3 
* (1875 & 1877), 8vo, Washington. 

The Survey. 

w Catalogue of the Publications of the U. S. Geological and Geo- 

graphical Survey of the Territories, 2nd Edition (1877), 
8vo, Washington. 

Ditto. * 

^ U. S. Geological Survey of the Territories. VII. Ethnography and 

Philology of the Hidatsa Indians, by W. Matthews (1877), 
8vo, Washington. 

Ditto. 

„ XJ. S. Geological Survey of the Territories. Lists of Elevations, 

by H. Garnett, 4th Edition (1877), 8vo, Washington. 

Ditto. 

The Grotto Geyser of the Yellowstone National Park, royal 4to. 

Ditto. 

„ Monthly Reports of the Department of Agriculture for 1875 and 

1876 (1876-77), 8vo, Washington. 

Dept, of Agric., U. S. A. 

„ Report of the Commissioner of Agriculture for 1875 (1875), 

8vo, Washington. 

Ditto. 

IL S. Coast Survey. MeteorologiearResearches for the Use of the 
w Coast Pilots, Part 1 (1877), 4to, Washington. 

IL S* Coast Survey. 
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Wellington.— Transactions and Proceedings of the New Zealand Institute, 
Vol. IX, (1877), 8vo, Wellington. 

The Institute. 

„ Geological Survey of New Zealand. Maps of the t Buller Coal- 

Field to illustrate Geological Reports, 1874-77 (1877), 
fisc., Wellington. 

The Survey. 

York.— Communications to the Monthly Meetings of the Yorkshire Philosophical 
Society (1876), 8vo, York. 

f The Society. 

Jmuary 15$, 1878. 
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On the Geology op the Mahan adi Basin and its Vicinity, by V. Ball, M.A.,F.G.S , 

Geological Survey of India. 

A (1 (‘tailed description of the geology of the extensive area included in tho accompany- 
ing map, even to the limited extent to which the details of a large portion of it are known, 
would occupy a very much greater space than is available for the purpovse in these pages. 
In the appendix below will be found a list of papers which describe tho coal-fields and 
certain other parts of tho area which have been made the objects of special examination. 
This account is intended mainly to afford a general sketch of the geological features of 
those portions of the area of which hitherto there has been no published description what- 
ever. The data available for this purpose are derived firstly, from manuscript accounts 
of traverses of the' Chhattisgarh basin made by Mr. Medlicott in 1866-67 and by Mr. 
W.T," Blanfo^d in 1869-70; secondly , from my own observations mado during the past 
and previous seasons. 

The geographical tract which is coloured geologically on the map embraces an area of 
about 50,0(X) square miles, in which the following British Districts and Native States arc 
situated : Cuttack, with portions of the Gaijat states of Orissa ; Gangpur, and Udaipur 
other minor states of the Chutia Nagpur Division ; Sainbalpur, with portions of its G.'irjat 
states of Sonpur, Patna, Borosanibar, Phuljhar, Itaigarli, and Kalaliandi ; the Jaipur Htate 
under Yizagapatam ; the Bustar State under Sironcha; Karial or Kariar, Biudra-Nowagnrh, 
and various other states of the Raipur District. In other words, the area includes portions 
of the south-west frontier of Bengal, nearly the whole of Orissa, a small portion of the 
northern frontier of Madras, and a considerable portion of the most eastern districts of the 
Central Provinces. 

Physical Features. — On a map of so small a scale as that which accompanies this 
report, it would be impossible to effectively delineate the various groups of hills and plateaux, 
marked and extensive as some of them are. It has therefore been thought better to omit 
altogether the inadequate hill shading of the original map from which this edition lias been 
produced, thereby securing greater clearness for the names and geological boundaries. 
But it will be well for the reader to bear in mind that throughout about two-thirds of tho 
whole area broken hilly ground prevails. The first great group of hills to be mentioned 
forms a section of the Eastern Ghats stretching in breadth from the neighbourhood of Berhaiu- 
pur, the Chilka Lake, and Cuttack, for a distance of about 130 miles westward to tho valley 
of the Tel River in Kalahandi. North of the Mahanadi, this broad zone continues through 
Keen jar and Moharbanj, losing itself on the east in the plains of Midnapur and Singh bhuin, 
hut maintaining its western branch strongly through Lohardugga and llazaribagh. 
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In the Khond Malias, as the zone south of the Mahanadi is called, the peaks are com- 
monly from 2,000 to 3,000 feet high, a few rise to 4,000 feet, and theip are some known 
to exceed 5,000 feet in elevation. 

In the neighbourhood of Sambalpur and southwards, in Patna and the western portion 
of Kalahandi, there is a good deal of tolerably level ground, but here and there isolated 
peaks and ridges rise from it. To the west of Sambalpur an extensive group of hills is 
situated on the south bank of the Mahanadi, spreading thence into Phuljhar and Borosam- 
bar. To the north-west of Sambalpur is the hilly country of Raigark and Ilingir, which is 
continued towards Korba and LTdaipur. Still further west is the Mandla plateau. In the 
Raipur states of Karial and Nowagarh, to the south-west of Sambalpur, the country is 
excessively hilly. First we have, centrically situated as regards the two states, an extensive 
plateau averaging about 2,500 feet in elevation, and on either side of this plateau, there are 
numerous ranges and groups of hills, the latter being of more or less foliated metamorphic 
rocks, while the plateau is formed of horizontal beds of quartzite. To the south of this 
rises the Jaipur-Bustar plateau, which averages about 1,800 feet in elevation. On the east 
and south it is bounded by still higher ridges, spurs from the Eastern Ghats ; on the west 
and also below the southern bounding ridges, it falls by rapid steps to the Godavari valley ; 
on the north-west it slopes oif gently towards Raipur, but on the north-east it is bounded 
by steep scarps, the ghats through which lead down into the valley of the Tel River, some 
1,000 feet below. 

The watershed between the rain-basins of the Mahanadi and Godavari traverses the 
northern portion of this plateau from west to cast, and then runs to north-east through 
the Kalahandi portion of the Eastern Ghats. 

Rivxns. — The principal rivers of our area are the Mahanadi, with its tributaries the Tc], 
Ebc, Kelu, Mand, and Hasdu, besides many other minor streams too numerous to 
tioned here. The total length of the Mahanadi from its sources in the north-western % 
corner of Jaipur and the neighbouring district of Bustar to the sea is about 500 miles. Of 
rivers belonging to other basins, but portions of whose courses are included in the accom- 
panying map, the Brahmini on the north-east, the Weinguuga on the west, and the Indravati 
on the soutli are the principal. Tho first mentioned is the principal river of its own system, 
wJiile the two latter are tributaries of the Godavari. 

Genehal Geology.— So far as is at present known, no series of rocks other than those 
included in the following list occurs within the limits of this area: — 

Alluvium. 

Laterite. « 

Deccan trap and Lameta beds. 

Rajmehal series — 

Atgarli group. 

P Mahadeva series. 

Pamuda series — 

Kamthi (Raniganj) group. 

Barakar group. 

Talchir group. 

Vindkyan (Kamul) series— 

A. Karial quartzites anc\ sandstones. 

B. Raipur limestones, shales and sandstones. 

, [Sakoli beds.] 

Metamorphic series. 
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Alluvium. 

Under this heading then; is little to be said at present. Tn the published accounts 
of the coastal districts there will be found some remarks on the subject. In the higher 
parts of the Mahanadi valley up to the Raipur district, so far as they are known, there 
are no deposits of alluvium of sufficient extent to constitute alluvial plains as the term 
is ordinarily understood. Patches of true alluvium of limited extent do occur in the vicinity 
of the river, and in the Raipur district, which I have not examined ; there may possibly 
be deposits meriting special notice, but in the rocky districts of Sambalpur and Orissa, 
the alluvium is much mixed with local rock-debris and latcrite. In the valley of the Tel, 
where it traverses Patna and Kalahandi, there is a kunkur-bearing alluvium, sometimes of 
wide extent, and which attains an importance from the fact of its concealing the rocks. On 
the Jaipur-Bustar plateau, in the river valleys between the laterite, the alluvium is some- 
times of considerable thickness, if not of wide extent. Thus the Indravati sometimes 
affords sections of 20 feet of a reddish sandy alluvium with no rock appearing beneath. 

Latebite. 

Regarding the coastal laterite I only add, to what has already been published on tho 
subject, that in the cuttings through some ridges of laterite on the Khurda road I recently 
found numerous lenticular masses of dense shaly iron ores which seemed to explain the source 
from whence considerable accumulations of fragments of similar shale, which I had previously 
met with, hut had hesitated to identify with laterite, had been derived. 

The occurrence of laterite in the vicinity and on the rocks of the Raigarh and llingir 
coal-field has already been described by me. At that time I had met with no example of high- 
level laterite in Sambalpur, but during the past season I found several remarkable deposits at 
high elevations both in that district and others further south. These all occurring in a 
country into which there is no evidence of the Deccan trap ever having extended seem to be 
worthy of special description and notice. 

The Gandamardan range on the borders of Patna and Borosambar which rises 2,000 feet 
above the general level of the country, both from its altitude and its flat plateau top, presents 
a striking appearance when seen from a few miles distance. At first it seemed probable tffat 
the structure might be due to flat-capping beds of Vindlij^an quartzite, but on examination 
it was found that the range consisted of steeply inclined gametiferous and ferruginous 
gneiss, with a cap of about 100 feet of laterite. Tho summit is a flat plain with sparse 
vegetation very similar in many respects to the Main-pat in Sirguja. 

On the Karial-Nowagarh plateau which, as is above stated, averages 2,500 feet in 
elevation, I found some scattered thin patches of laterite, possibly tbe remnants of a once 
continuous bed of which, in parts unvisited by me, there may still, perhaps, be better pre- 
served examples. The massive Chaoria hill on tho borders of Karial and Kalahandi is not 
improbably capped with laterite, judging from its flattened appearance as seen from a 
distance. 

In the south-eastern parts of Kalahandi there are a number of p6U from 3,000 to 4,C00 
feet high ; of these I was ouly able to ascend one, Baplaimali, seven miles east of Moulpatna. 
Its elevation above the sea, according to the Altas Sheet, is 3,587 feet, of which tho upper 
300 feet is formed of a bed of laterite resting on the up-turned edges of metamorphics. 
From Baplaimali a good view of a number of other pdts is obtained (particularly of Sijimali 
4,058 feet). All owe their plateau form to similar laterite caps, which in all probability 
formed, at one time, a continuous bed throughout a wide area. 
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In the Jaipur-Bustar plateau, which has an average elevation of about 1,800 feet, laterite, 
though perhaps of inconsiderable thickness, is very widespread, often completely conceal 
ing the underlying rocks over many square miles. In the vicinity of Kotepad and for 
many miles both to the north and south of it the laterite is especially conspicuous forming 
numerous low hills, to the terraced alluvial valleys between which the cultivation is 
restricted. 

Raised above the main Jaipur-Bustar region are several minor plateaus; the first of these 
to be mentioned is one formed of quartzites resting on a metamorphic base and which has an 
average elevation of. about 2,500 feet, like the Karial-N owagarh plateau. Its position is 
on the corner of the plateau south of Deobogh. Resting on the quartzites I found, as in 
the former case, traces of a once continuous bed of laterite. In the Poragar hills again 
wo have a range which rises about 1,200 feet above the main plateau or to a total elevation 
of about 3,000 feet. The thickness of the laterite cap in this case varies with the irre- 
gularity of the underlying surface between from 50 to 100 feet. It would seem then that 
in this area on all elevations of 2,500 feet and upwards there are traces of laterite, which, it 
is possible, originally formed portions of a once continuous bed. This may have followed, 
however, a configuration of the country not very different from that existing at present.* 

Many of these laterite caps prove to be most efficient store-houses for water and are 
consequently not un frequently the sources of perennial springs ; of this the Gandauiardan 
rango affords numerous examples. 

Deccan Thai’ and Lameta Beds. 

In the scarp of the Mandla plateau representatives of the above groups have been 
observed overlying the Vindhyan rocks of the Chhattisgarh basin. These have not been 
subjected as yet to detailed examination, and cannot therefore be described in the* present 
account. 

Rajmehal Series. 

The sandstones of the Atgarh basin and the fossil plants which have served to deter- 
mine their position as belonging to the above series have recently been described in these 
pagesf ; so far as is certainly known, there is no other deposit of rocks of the same ago with- 
ifltour area ; but it may be well to record here that I noticed a strong lithological resemblance 
between certain conglomerates of the Atgarh basin and the highest beds in tlie Talchir field. 
The post-Barakar rocks of that area, however, have not yet been thoroughly discriminated. 

When at Khurda I was informed, on apparently reliable authority, that sandstones occur 
some forty miles to the south-west. If such is really the case, they will not improbably prove 
to be of the same age as the Atgarh rocks. 

PMahadeva Series. 

Overlying the rocks of the Barakar group, in the Talchir field, there is a considerable 
thickness of clays, sandstones, and conglomerates ; these, although partially represented by 
some small outlying patches in the eastern half of the field, are only fully developed in 
the wild, thinly inhabited, and billy region of the west, of which no accurate map was 
available at the time of my visit in 1875. In the original Talchir report these rocks were 
referred to the then recognised Mahadeva series, and were credited with an estimated thick- 
ness of from 1,500 to 2,000 feet ; their unconformity with the underlying Barak ars was fully 

* Near Jashpur, in Chulia Nagpur, there is such a bed which encrusts hills and valleys alike, the effect being 
.to nnuid off angularities, not to fill up valleys to the level of tlio hill tops. 

t Record*, 1877, Vol. x, pt. 2, p. 63. 
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established by the remarkable section at Patrapara, where the lowest bed is seen resting on 
the denuded edges of a coal seam and some other cases of a more general character. In 
further confirmation of this view, I met with several cases, more particularly at Tipapani 
near Landimal on the extreme west of the field, where a coal scam with associated sand- 
stones is unconformably overlaid by a pebbly grit of the upper series. 

Overlap unconformity exists on a large scale in the west. Except at Tipapani the rocks 
underlying these beds are either Talchirs or metamorphics, the edges of the Barakar 
beds being wholly concealed. 

That these rocks belong to two or perhaps even more groups is probable ; indeed, in the 
section of the Ouli River to the south of Patrapara, I thought I could detect some indica- 
tions of unconformity. We there find a thickness of not less than 600 feet, possibly much 
more, of yellow and white sandstones with purple clays ; these rocks seemed to be much 
more disturbed than the conglomerates which cap the neighbouring hills. 

The conglomerates, of which there is here a thickness of 800 feet, are all more or 
less ferruginous, and contain quartz pebbles with jaspery ironstone and in some cases nests 
of white clay. It is possible that these may belong to a distinct group, and their lithological 
characters suggest a connection with some of the local groups of the upper (Jondwana 
system, more especially with those formerly included in the Mahadeva series.- 

The above-mentioned yellow sandstones and purple clays ave seon iu several other parts 
of the area, more especially two miles east of Kondaikula, where they occur faulted against 
the Talchirs and are overlaid by ferruginous sandstones. In some respects they resemble 
Panchet beds of the typical Raniganj area, corresponding thus with some beds of the 
Kamtlii group in the Chanda country. At Tntosoro, oil a horizon slightly higher than 
that occupied by these beds, there are sandstones and conglomerates and red clays which 
seemed to me to be precisely identical with rocks seen in the adjoining field near 
Hingir. On the wholo, in the absence of fossils, it is only possible to form a conjecture 
as to the affinities of these upper rocks, but the balance of evidence seems to favor the view 
that, while at least aportion of them may not improbably belong to the same age, i. c., Kamtlii, 
as the rooks of the Ilingir group in the adjoining field, the remainder may represent a group 
of the upper Gondwanas. I have already noted a certain resemblance to exist between the 
highest conglomerates and some of the Atgarli rocks ; this, however, may only be accidental 

Damuda Seuiks. 

Kamtlii Group. —In the published account of the Raigarh and Hingir field, a list was 
given of the fossils obtained in the rocks which were temporarily distinguished as the Hingir 
group. This list, corrected after further examination by Dr. Feistmantel, includes the 
following species, which are considered to be quite sufficiently numerous and characteristic 
to admit of the correlation of the Hingir and Karathi groups, — thus confirming the con- 
clusion which seemed probable from the lithological and stratigraphical characters : 

Equisetaceje. 

Schizoneura Gondwanensis (leaves and stalks). 

Vert ebr aria indica, Royle. 

Filices. 

Sphenopteris polymorpha. 

Pecopteris sp. 

Glossopteris indica , Schimp. • 

G?. Browniana (P) Bgt. 

Gl . angustifolia , Bgt. (with marginal line). 

Gl. communis— -and another species. 
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The title Kamthi is in this case preferable to Raniganj, as the lithological character of 
the rocks is much more closely allied to those of the former than of the latter group. It is 
unnecessary to add here anything to what has already been stated above as to the occurrence 
of representatives of this group in the Talchir field. 

Barakar Group . — In the accounts of the Talchir, Raigarh-Hingir, and Korba 
fields will be found nearly all that has been ascertained with regard to the occurrence of 
rocks belonging to this group. That the Hingir field is connected with that of Korba is 
known to be the case, but the intervening country has not yet been examined in detail. 
In view of the possible importance of this field at no very distant period it may perhaps 
be of service to state that in the area temporarily distinguished as the Udaipur coal-field, 
the Maud River, and its tributaries the Koija, Samasota, Meria-Kota, Ududha, Saria, 
Sirni, Kopa, Kbarandhoa, Pori, and Baghond, all exhibit sections in which coal and 
carbonaceous shales are exposed. The known details are too voluminous for insertion 
here, but it may be staled that there is a fair prospect of good coal being found. The most 
remarkable section is that afforded by the Samasota River, where a sequence, including eight 
thick seams, is seen bent into a steep anticlinal with gneiss and Talchirs showing at the 
broken crest. 

Talchir Group . — Since the publication of the sketch describing the Raigarh and Hingir 
field, the extension of Talchirs in various directions throughout the adjoining area has been 
ascertained. More particularly worthy of note is the narrow prolongation of the rocks of 
this group the south-east of the field into the immediate vicinity of the Talchir field, thus 
showing that a connection in all probability at one time existed between the two basins. 
This prolongation extends for about thirty-six miles, from the Ebe to the Boraghat River. 
There can be little doubt, I think, that it occupies an ancient valley which was in all pro- 
bability narrower and of a more defined character during the Talchir period than it is at 
present. It is not probable that the hills on the one side, or the Bainra plateau on the other, 
were elevated subsequently to the deposit of the Talchir beds, so that this narrow channel 
may have been the only means of connection between the Talchir basin and that larger 
area which extends from Sambalpur over so extensive a tract to the north-west. 

In my account of the Bisrampur field,* I stated my belief that the boulders which occurred 
ilfHhe Talchir beds there, most probably came from the north, and it is possible that, in this 
case, the transporting agent may have travelled from the north-west. At the same time I 
may say that I did not see anything about the character of the gneiss boulders in the Talchir 
field to justify the opinion put forward in the Talchir report to the effect that they had 
probably come from a long distance. So far as I could see, and in consequence of the above 
opinion I gave particular attention to the subject, the boulder beds of the Talchir field do 
not contain any materials which might not have been derived from the very great variety 
of coarse and fine-grained gneisses which are to be found in the neighbouring areas. In 
the Bisrampur area where boulders of Vindhyan quartzite occur, the case is, of course, 
quite different. In this connecting strip, except towards the Ebe end, I saw no traces of 
a boulder bed, the rocks being all shales and sandstones. They seem to be little disturbed 
from their original position, but at the nearest point to the Talchir field they are cut off 
by a fault which is not improbably a continuation of the main bounding fault of that field. 

During the examination of the older rooks various thin outlying deposits of Talchir 
beds have been met, not only in the vicinity of the coal-field, but also far to the south of the 
Mahanadi. In the vicinity of the field, besides % the outlior already mentioned near the 
villages of Tuldi and Terda,+ another has been found on the east bank of the Ebe between 


• Records, Vol. VI, p. 28. 


t Records, Vol. VIII, p. 101 
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Ishtapali and Jogipali. Its precise area is somewhat doubtful owing to the way in which 
it is covered by superficial deposits. Another of small extent exists in the interval between 
the main Talchir area at Bolunda and the outlier at Terda. South of the Mahanadi and 
opposite to its junction with the Ebe, just close to the village of Rusem, is a third. It 
is about half a square mile in exteut. Sandstones, shales, and the boulder bed are all re- 
presented within these limits. 

In the Pal-jor, a small tributary of the Ong River, to the east of the village of Ganislot, 
the section discloses the existence of a small basin occupied by Talchirs. The rocks consist 
of sandstones, shales, and a well developed boulder bed with rolling bedding. On the south 
they seem to rest directly on the gneiss, but on the north the character of the boundary is 
uncertain owing to the superficial covering. The exact area has not yet been ascertained; 
it probably does not exceed three square miles. Still further south, in the bed of the 
Tel River east of the village of Tanigaon, Talchir sandstones are exposed under the hank. 
On the south they are cut off by gneiss, but bow far they may extend to the north-east, 
up the valley of the Ebe, is not known. Other localities where rocks of this group 
are reported to exist are at Keutasiugha in Patna and Baisasankar in Boad. 

Vindhyan Series. 

General [lithological resemblance and the relations with other formations are the solo 
data available for correlating the series of azoic sandstones, limestones and shales of 
the Chhattisgarh and neighbouring areas with the Vindhyan series of Northern India. 
Already, in a general way, the Kamul series of Madras lias been identified with the lower 
Vindhyan series ; but even though the details of the sequence in both are well known it has 
been impossible hitherto to establish even an approximate correlation of horizons. Such 
being the case where the rocks have been fully examined, it will be readily understood that 
with rocks the sequence of which in the wide area of Chhattisgarh is at present a matter 
of some doubt, no attempt at detailed correlation can bo usefully attempted. 

Until some complete standard sections have been locally established, comparison with 
other areas cannot be of much aid in the elucidation of the history of these rocks. But 
some allusion to the rocks of the same age in the Chanda and Godavari valley districts 
may become necessary. • 

Apparently two great groups of these rocks exist, one (A) consisting of a thickness of 
upwards of 1,500 feet of quartzites, sandstones, and conglomerates resting on shales which 
latter, in some sections, appear to have been considerably disturbed before the deposition of 
the upper beds. The relations between the two seem to be in many respects similar to those 
existing between the upper and lower Vindhyans of the Vindhyan range. What the rela- 
tions may be which exist between these shales and those of the second group is at present 
not absolutely known, as no section hitherto examined contains both groups of rocks in 
their full development ; but from their lithological characters and some other considerations 
to be mentioned hereafter, I am strongly inclined to believe that these shales belong to the 
second group which seems to be the elder of the two. This second group (B) consists of 
limestones, shales, and sandstones. The existence of these sandstones interbedded with, 
and in some cases underlying, the shales and limestones, has been the principal cause 
of the difficulty which f has been experienced in assigning the rocks to two groups, and 
also establishing the relative position of these groups in the geological sequence. In 
the following pages, however, sections ^fill be described where sandstones occur sometimes 
underlying, sometimes interbedded with, limestones and shales ; and, on the other hand, 
sections of what are considered to constitute an upper group, in which there is an unbroken 
thickness of upwards of 1,500 feet of quartzites, sandstones, and conglomerates resting 
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upon shales as has been above mentioned. In regarding the latter as the younger group 
my views are, I believe, in accordance with Mr. Hughes* opinion in reference to the similar 
and very similarly circumstanced rocks of the Chanda district. Before proceeding to 
describe the physical relations of these rocks, so far as they have been examined, it only 
remains to point out the geographical areas which they occupy. The largest and most 
important area is that of the Chhattisgarh basin, the northern boundary of which stretches 
in a north-west direction from the neighbourhood of Sambalpur, passing Padampur, Kaigarh, 
Bilaspur, and Ratanpur up to the base of the Mandla plateau. Southwards from this 
with a very irregular eastern boundary, these rocks spread to unknown limits beyond the 
Raipur district. It is possible indeed that they will be found to be continuous with the 
Bustar-Jaipur area to be mentioned below. The second area forms a considerable plateau 
which belongs partly to Nowagarli and partly to Karial. The third is also a plateau, and 
is situated on the north of the Jaipur district. To the south of this is the fourth area, 
which is included in both the Jaipur and Bustar districts. Besides these there are rocks 
of this age near Nowagaon and Ahiri to the south-east of Bhandara. 

Group A. — Sandstones , Quartzites , and Conglomerates . 

Although it is probable that members of this group will be found in the first aroa, they 
have not yet been separated in the extraordinarily crushed and disturbed sections of the 
northern boundary, where there are, especially in the Barapahar hills, rocks lithologically 
similar to those about to be described. The standard sections, than which no better are 
likely to b^found, are met with in the Nowagarh-Karial plateau. This plateau is of an 
irregular oval shape, with the major axis running north and south. The area exceeds 760 
square miles. The general elevation averages probably about 1,500 feet above the surround- 
ing country, or say 2,500 feet above the sea. Certain peaks are, however, over 3,000 feet high. 
With a few local exceptions, the quartzites which form this plateau dip inwards away from 
the gneiss.* On the west, in Nowagarh, the nature of the junction between these rocks and 
the motamorphics is very admirably illustrated in a series of peculiarly clear sections. In the 
best of these, in the Japen River at Doarpur and in the Pairi River near Nangabahar, the 
quartzites are seen at the level of the bed of the river resting directly on the denuded and 
irregular surface of the granitic gneiss. In tho former section the bottom bed of quartzites 
Jjfls in places been eroded, and shows the hare granitic rock within the main line of tho 
boundaiy. In tbe latter section the quartzite boundary has, in the bed of the river, been 
cut back for several hundred j^ards, and the granite is seen, both on the banks and at the base 
of a waterfall 20 feet high, underlying the quartzites, the lowest beds of which fill up tho in- 
equalities of the surface of the granite. Both to the north and south of the Pairi section, 
there are outlying caps of quartzite resting on several small granite hills which are situated 
within from a quarter of a mile to a mile to the west of the main line of boundary. 

In these sections, especially in the first mentioned, we find traces of a black carbonaceous 
shaly bed in association with the quartzites. This bed is of importance, as marking a definite 
horizon, and will be referred to on a future page. 

Prom the Maliva hill round the northern end of tho plateau to Tarnot, and thence to 
Borkot, we do not find exactly the same rotation existing, but the boundary is still a natural 
one. The original hounding rim of crystalline rocks which limited the basin of deposit is 
here in a great measure still conserved, and the elevation at whioh the* line of junction occurs 
constantly varies, thus affording evidence of internal overlap between the beds of quartzite 
along the margins of deposit. In some instance^ the granite is capped by the higher beds 

* A glanco at the Atlas Sheet will show tbe basin-like character of the top of ibis plateau. Tho numerous 
rivers emerge from it over falls and through deeply cut gorges by which their waterB reach tho level of the 
surrounding country. 
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of plateau quartzite at an elevation of 900 feet above the base, and from this amount down- 
wards the levels constantly change, different members of the sequeneo thus occurring locally 
as the bottom beds of the group* Of course sections of these locks in the scarped sides of 
t he plateau are not rare, though many of them are difficult of access. The principal one 
examined was in the gorge of the Jonk River between Maragura and Jumlagor. 

Jumlagor is at the head of a waterfall which is probably 3(X) feet high. Its elevation 
is about 850 feet above Maragura, and as the beds forming the plateau are slightly inclined 
southwards, the ascent traverses the edges of a thickness of beds somewhat in excess of 
that amount. Theso beds consist almost exclusively of quartzites exhibiting various degrees 
of vitrification ; the exceptions are beds of conglomerate consisting of small, sometimes 
minute, quartz pebbles firmly compacted together in a thin matrix. No shaly beds 
whatever were detected as occurring with these quartzites, which are mostly rather 
tliin-bodded, the distinct layers rarely exceeding 3 feet in thickness. As to the character 
of the beds of the remainder of this group, i. c., those above the horizon of the Jumlagor 
beds, I was not able to examine them in detail, but they seem, so far as is known, to be 
very similar in character to the lower portion. In the internal valley of the Girna River 
to the south-west of Tarnot, we find dipping under the quartzites of the plateau a group 
of shales having an extraordinary resemblance to Talcliirs, and showing an amount of 
disturbance which is not shared in by the quartzites of the surrounding ranges. No trace 
of these rocks was found at the base of the already described western quartzite natural 
boundary, but on the east they occur in all the deep internal valleys within the outer 
bounding range of quartzite, and are also found in vertical, apparently faulted, Contact with 
the gneiss close to the eastern base of the horizontal beds which form a small outlying 
plateau to the east of Tarnot. It will perhaps be sufficient for present purposes to describe 
two sections which exhibit the relations existing between these beds and the quartzites. 
These sections are afforded by the gorges of the Under and Udet Rivers. 

In the accompanying sketch of the former is represented the relations of the beds as 
they are understood by me, but the central part of the section is by no means clearly exposed, 
and may possibly admit of another explanation. The observed facts are as follow : — 



W. 


Section in the Under River. Horz. : Scale 1 inch = 1 mile. 

The section of the outer range is very clearly exhibited on the southern bank of the 
river. The beds marked (5) consist of quartzites .with very thin interlamination of red 
and green clays, these clays being more especially abundant in the central portion of the 
thickness exposed. The lowest bed seen outside is a quartzite which is much indurated, 
and which is bent abruptly to the vertical, forming, at least for a short distance, a steep 
outer face on the hill. After a series of rapid contortions, which do not show, to the same 
extent, in the beds on the top of the hill, these lower and central beds dip suddenly vertically 
downwards and do not reappear. Probably, if the rocks were uncovered and visible, we should 



176 


[VOL. X. 


Records of Ihe Geological Survey of India . 

find that they are brought up by another contortion, as is represented by the dotted lines. A 
short distance further up the bed of the river we come upon vertical beds of red shales (a), 
which, if not related as represented, would be younger than the quartzites (ft), a view untenable 
from the relations found to exist between them elsewhere. That the quartzites (ft) are bounded 
by an external fault is most probable. Unfortunately, no contact with the metamorphics is 
seen, there being no outcrops in the bed of the river for several miles to the east. Both here 
and all along the boundary of the plateau area from hence southwards to within a short 
distance of the Udet, the disturbance and constantly varying character of the beds could 
scarcely be explained by mere lateral crushing. To the north it is possible that a ridge 
of fault-rock in the metamorphics at Tarnot may mark the continuation of the line of 
fracture. Regarding the second fault represented, the shortness of the interval between 
the quartzites (ft) and the shales (a) argues, I think, against the possibility of the whole 
of the former being brought up by a contortion, and therefore it seems probable that the 
lower members are cut off by a fault, and that the red shales (a), as represented, have been 
thrust into vertical contact with the quartzites of the central part of the sequence. 
Passing the red shales (a) we come upon a wall-liko ridge of pseudomorphic quartz (fault- 
rock) (g) which strikes to about 20° east of north, 20° west of south. Beyond it there are 
thin-bedded quartzites, shales (e), and a black carbonaceous sandy layer (d) dipping to from 
5° to 10° to west and west-north -west. Overlying these conformably are the saccharine 
and vitreous quartzites, &c., which form the main mass of the plateau. That this run 
of fault-rock marks a line of disturbance there can, I think, he little doubt, the more 
particularly as the thin quartzites (c) and shaly beds associated with the carbonaceous 
layer appear to represent a portion of the contorted beds (ft) of the outer range. Further, 
with reference to both this and the previously mentioned fault, evidences of a pair of diverging 
faults arc found for many miles amongst the crushed and disturbed beds in the internal 
valley to the south. They are also indicated by lines of a breccia abounding with brown 
liromatito,# and on one of them is situated a Hot spring near Kotagarh. Taken alone, 
this section, due allowance being made for marginal crushing and fractures, would not be 
sufficient to prove original unconformity between the beds c, d , e, and the red shales (a) ; but 
it must be remembered that in other localities where the lower beds arc seen in a very 
disturbed condition close to the base of horizontal quartzites, similar explanation of the 
r§to,tions of the beds by pairs of faults cannot be given. 

In the Udet River from Boidelpur westwards there is a section of the lower shales. 
The first beds seen are red and grey shales, with one bed of quartzite resting on them 
and dipping at, apparently under , granitic gneiss at an angle of 45°. In the northern 
bank of the river the granite, for about a foot, seems actually to overhang the bed of 
quartzite. This appearance may bo due either to original deposition under an over- 
hanging ledge or to the effects of a horizontal thrust from the west, probably the latter, 
as the bounding fault can scarcely have died out again before reaching this point. 

Elsewhere I have noted cases of similar beds dipping at the boundary. The river 
between Boidelpur aud Tonkulmal exhibits a nearly continuous section of grey, red, and black 
shales, with, in places, much infiltrated iron. Besides the above-mentioned bed, no quartzites 
appear in the bed of the river. The dips are for the most part low to east, east- 
south-east, south-east. In the hilly country to the south there are quartzites which, at 
the boundary between Koirpodor and Phulchi, locally dip 80° to oast and south-east. 
Elsewhere they flatten and .become horizontal. It seems scarcely probable that they rest 
conformably on the red aud grey shales, but no actual junctions were found. 

Finally, it has been established that those shales are older than the quartzites ; that they 
are clearly overlapped is apparent from the sections on the west, in which they do not appear. 

* Near Daiuii, Kootnpravh, and Kudapnni respectively. 
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That they are unconformably overlaid is probable from the amount of disturbance they 
exhibit as compared with the overlying quartzites. In their lithological characters 
they correspond with those of some of the rocks of group {£) of the Chhattisgarh basin and 
Jaipur-Bustar area. This resemblance, so far as it is of value, is in favor of the view that the 
quartzites of group (A) are younger than the limestones, &c., of group (/i). But in addition 
to this, we have the physical evidence afforded by the fact that the Karial-Nowagarh • 
plateau quartzites occur in their original undisturbed position at a much higher elevation, 
1,500 to 2,000 feet above the limestones of the Chhattisgarh basin, the nearest points on the 
natural boundaries of both areas being only a few miles distant. 

Again, in the Jaipur- Bustar area about to be described, we have quartzites the base of 
which is at an elevation of 700 feet above the level of the rocks of group (B). 

Great faulting in the intervals between the localities where these beds occur might 
serve to explain these differences of level under the supposition that the quartzites were 
oljjer than the limestones, &c. But in the absence of the slightest evidence for faulting, 
the moro legitimate conclusion to be drawn seems to be that the quartzites of group (A) are 
really younger than the limestones, &e., of group (/?). 

Jaipur Area.— The only other locality in which rocks of the same age as the Karial 
quartzites have as yet been identified is situated on the north-east corner of the Jaipur pla- 
teau to the south of Deobogb. There they rest upon a pedestal of crystalline rocks which is 
from 600 to 700 feet above the main Jaipur-Bustar plateau, and therefore corresponds in 
general elevation with that of Karial-Nowagarh. This small plateau, which extends over 
about 150 square miles, has been much broken up by river gorges in which the crystalline 
rocks underlying the thin quartzites are at various elevations laid bare. The quartzites, so 
far as they have been examined, are lithologically similar to the upper beds of the neighbour- 
ing Karial-Nowagarh plateau, with which, indeed, it is most probable they were at one time 
continuous. 

Group B. — Limestones , Shales , and Sandstones' 

The known limits of the Chhattisgarh basin, the principal area in which rocks of this 
group occur, have already been roughly indicated. It will only be possible to give here a 
very brief sketch of what is known of the rocks. 

Commencing description from the most eastern point where these rocks occur, and not 
pausing more than just to mention the fact of the occurrence of several small outliers, we 
find in the Barapahar hills, a few miles to the west of Sambalpur, an accumulation of shales, 
sandstones, and quartzites whose relations, not only externally to the metamorphic series, hut 
internally with one another, is of a complicated nature, and which can only be understood 
after much more time has been devoted to their examination than has hitherto been possible. 

This indeed is a, region of special disturbance, and one which, when the detailed examina- 
tion is taken up, would probably be most profitably reserved for the conclusion when stand- 
ard sections had elsewhere been ascertained. The boundary of this area runs north-west- 
wards, crossing the Malianadi at Padampur. In some places, massive vitreous quartzites, with 
bedding obscure or completely obliterated, while in others shales, with occasionally vertical 
bedding, occur in contact with the metamorpliics. Occasionally these rocks dip towards the 
boundary at high angles, a state of things produced probably by intense lateral pressure 
combined with faulting. In some cases these dips appear to be reversed , being produced by 
the folding over of the beds on themselves. 

The opposing edges of the two formations, as exhibited in the Squi River and also in the 
Mabanadi at Padampur, pretty clearly show that a fault has contributed to produce the 
relations now existing. In the latter section, the line of fracture traverses the lines of strike 
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of both series of beds obliquely, and in consequence we find in one place the edges of beds of 
quartzite shales and limestones in opposition to beds of motam orphic rocks, though no actual 
contact is exposed. 

In the neighbourhood of Padarnpur a considerable section of these rocks is exposed, 
the lowest occurring in the vicinity of Dungri, where the beds form a partial qua-qua versal 
dome which is of a very marked character on the nortli-west of the hills. 

The lowest beds seen are sandstones forming a central dome. Resting on these in 
the valley, there is an unknown thickness of limestones which dip 15° west under the 
sandstones forming the outer ridge of the hills, where the river clmnges its course from 
north to east. Above these sandstones again, in the north to south reach, there is another 
bed of limestone which is exposed under the east bank ; overlying this are red sandy beds 
which are oxposed near the mouth of the Kailo River. Thence up to Padarnpur, the section 
in the Mahanadi gives an almost unbroken sequence of shaly red sandstones, &c., with about 
100 feet of an externally dove-coloured limestone with numerous veins of ealespar. The 
dips at first to west turn to north, and close to Padarnpur are inclined to north-east. At 
Padarnpur there is yet another zone of limestone which contains some strings of galena. 
Under the town the dips are much disturbed, and the rocks are abruptly cut off at the 
boundary. From the preceding it follows that there are in this section, which includes a 
thicknoss of perhaps as much as 3,500 feet of rocks, four distinct zones of limestone, each 
of which differs lithologically from the others. To the north-west from this the boundary 
runs with that of the Raigarh-Hingir coal-field, metamorphic rocks being occasionally 
interpolated. 

Mr. Medlicott, in his manuscript report of his traverses of the Chhattisgarh area, has 
given an account of the sections examined by him along the northern, eastern, south-eastern, 
and western boundaries from the Mandla plateau to Sambalpur. The principal forms of 
rocks observed were 1st, strong-bedded quartzite sandstones, “ often coarse and rusty, often 
pure and fine 2nd, “ massive, fine, homogeneous clays often affecting a flat nodular struc- 
ture resembling somewhat the splintery clays of the Talcliirs. There are also finely laminated 
silicious shales; these are often calcareous, and pass insensibly into finely laminated silicious 
limestones in the manner so common with some of the lower Vindhyan bands of the Son and 
of Bundelkhand. These shales seem also connected with fine flaky beds very hard and com- 
pact (porccllanic) on a fresh fracture, but betraying their flakiness by weathering. These 
beds, too, find their exact analogues in the lower Yindhyans 3rd, limestone. — “Limestone is 
perhaps the commonest rock at the surface all over the plains of Chhattisgarh. It is seldom 
a pure homogeneous rock, being often flaky and earthy or silicious. Oflteu also the silicious 
matter is distributed in strings or in irregular concentric concretions. 

" It would seem to be only in the most general way that these several rocks observe any 
order of position. I think all three types may he observed as bottom rock resting upon the 
metamorphics. But there is a decided preponderance of the sandstones in thiB position. It 
would seem that the sandstone never attains a considerable thickness, save at or near the 
base of the series. 

“ This variability in the deposits is also a point of similarity with the lower Vindhyans 
and with rocks described by Mr. W. Blanford in the Godavari area. 

M As the most frequent bottom-rock, the sandstones are seldom seen in force except near 
the boundary, but they are nowhere so much developed as in the south-east, resting on the 
gneiss of the Jonk area and of Sambalpur, and forming ridges running northwards from 
that &***»” 
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On tlio south-east boundary only did Mr. Medlieott meet with a “ distinct case of simple 
unaltered superposition/’ Close to the east of Arang, the shaly, flaggy, dark, silicious 
limestone shows with a steady inclination of 3° to 4° westward, and on the rising ground to 
eastwards, the strong-bedded sandstones pass up from beneath the limestone and shales to 
form a low range of hills. These hills present a gentle slope to the west, and are scarped 
along the eastern face, in which the junction can be admirably seen of the massive sandstone 
resting on coarse granitoid gneiss and largely made up of its debris. This debris is not “ coarse 
and water-worn, but gravelly and still undeeomposed.” Further south in the Pairi River 
section, I met with the continuation of this marginal bed of sandstones, hut I saw no clear 
indication there that they passed under the limestones. Indeed, from the absence of any 
distinct dip of the sandstones and the lower level at which the limestones occur, it seemed 
to mo possible that these sandstones might be the marginal remnant of an overlapping bed ; 
but there was, it must be admitted, an interval quite sufficient between the localities where 
these rocks were respectively exhibited to permit of the sandstones dipping below. Mr. 
Medlieott has generalised his observations in reference to this and other sections in the 
following words: “The topmost strata are almost confined to the low grounds where they 
show the minimum of disturbance, while the bottom bauds rise along the boundary and are 
often much modified by contortion and compression. One has to seek far and wido for proof 
of the two being really continuous.” 

The sections on the western boundary present a general resemblance to those of the 
northern, but the thickness of shales exposed there is greater, and the general character is 
of course much modified by the presence of overlying basalt." At Warraband, on the Raipur 
and Nagpur road, the Vindhyans are separated from the crystalline rocks by a bifurcating 
ridge of quartz, the branches of which strike to north 10° east and north 30° east ; the latter 
possibly marks the position of a fault. East of it are rocks identified by Mr. Blanford 
(MS.) with the Vindhyan sandstones of the Godavari area — “They are hard purplish 
grits and appear to dip to the eastward at an angle of 10°, hut this is far from cloar. 
They continue lor a mile or more, apparently with the same inclination, but they are by 
no means well exposed, and a little beyond (east of) Warraband all the rocks become 
concealed by soil.” “ Limestones are exposed in the Mula River, about six miles beyond 
(cast of) Warraband. They are unmistakably identical with the Pom limestones, and they 
dip at a low angle to east-north -east. A mile further the red Pern shales are seen nearly 
horizontal, and they continue as far as Nandgaon.” 

With regard to the general section of lower Vindhyans in Chhattisgarh, Mr. Blanford has 
written : “ Apparently the section of the lower Vindhyans of Chhattisgarh closely resembles 
that in the Pern Gunga valley. Massive sandstone at the base, then limestone, above shale, 
upon this apparently rest alternations of thinly-bedded sandstone and limestone. It should, 
however, be remembered that the rocks are only seen in the Chhattisgarh plains at distant 
intervals, and that but a very imperfect notion of the section can be obtained without far 
more careful examination than it has hitherto been possible to give to the ground. Still 
the general section east of Raipur so exactly represent that to the west that the main 
sequence, agreeing as it does with that in the Pem Gunga valley, may fairly he considered 
as correctly ascertained.” 

Could it be shown that these quartzite sandstones are in the Chhattisgarh area 
representative of the great thickness of beds in Karial and Nowagarh, then the latter would 
have in all probability to be regarded as hunger than the limestones ; but I have already 
shown that these indubitably rest upon shales — possibly unconformably — whose lithological 
resemblance more particularly to the Talchir-like shales described by Mr. Medlieott is still 
stronger than is that to be found between the quartzite sandstones of the two areas. 



[VOT,. X, 


] 80 Records of (he Geological Survey of India , 

,1 AiPUH-BrsTAit Area.— O n till* Jaipur-Bustar plateau we find a group of limestones, 
shales and quartzite-sandstones of precisely similar character to those of the Chhattisgarl 
basin. It is not improbable that the two areas will be found to be continuous, but the inter- 
vening country has not yet been traversed. 

In Jaipur the rocks of this group, although they occupy a by no means inconsiderable area, 
arc, for the most part, so much concealed by superficial deposits that it is quite impossible 
to give anything like a connected section of them. But a few detached points, marking the 
boundaries, have as yet been fixed ; from these, however, it would seem that the limestones 
and shales occupy a truncated triangular area, which, commencing near the Naorungpur and 
Jaipur road, spreads westwards into Bustar. It would be useless with the imperfect data at 
present available to attempt a discussion in these pages either as to the sequence of the rocks 
or the nature of their boundaries ; but from what 1 saw, 1 think it not improbable that both 
north and south boundaries may ultimately prove to be faulted. Certainly I did not see 
at any of the points examined any clear case of superposition. At Koreuga there are sandy 
quartzites with a dip of 35° to south-west, or away from the crystallines. They are of incon- 
siderable thickness, possibly the dip carries them under some red calcareous sandy flags which 
are exposed neaT Jobra, but the interval between the outcrops is considerable. It is not 
improbable that the river beds which cross the boundary near Korenga may disclose the 
nature of the junction. 

To the south of Notepad there is a fairly continuous section of impure grey limestones 
with red shales, exposed in the bed of the Joura River above its junction with the Ambabal. 
The limestones dip south 35°. The overlying shales are in places a good deal contorted, but 
south-east 40° [represents the principal direction. Lithologically, these rocks correspond 
closely with certain beds of the Chhattisgarh basin, as, for example, with some of those above 
described in the Mahan adi section at Padampur. 

In Bustar the rocks seen consisted chiefly of red flaggy neavly horizontal beds of sandy 
clays; these, at Karinji, are seen overlying quartzite sandstones of, apparently, no great 
thickness. These beds are in places calcareous, and occasionally impure red limestones occur. 
I was unable to visit the Chiterkot tails on the Indravati, but specimens brought thence 
included fragments of vitreous quartzite, and a black shale, like that found at the base of the 
^Karial quartzites. 

The examination of the gorge below this fall may not improbably slied a considerable 
light upon the relations of the beds which constitute the plateau. 

From the neighbourhood of Chitapur, which is about sixteen miles to the south-west o 1 
J tigdalpur, I received a specimen of a limestone of very similar character to the veiy [jure form 
already mentioned as occurring at Dongri near Padampur. It is an opaque greyish-white 
rock with a splintery fracture. A similar rock is found at Korokpur, sixteen miles to south-east 
of Jugdalpur. Lime is manufactured from this rock in preference to all the other varieties. 

Hakoli Beds. 

West of Gortalou on the Raipur and Nagpur road there is a section of trap-like 
rocks, the structural relation of which to other rocks in their vicinity is very obscure. 
Within the area occupied by them we find also ridges of (? pseudomorphic) quartz-rock 
apparently similar in character to some found in the adjoining mctamorphic areas, where 
they are, in some instances at least, metalliferous, as will be mentioned further on. One 
of these ridges is found to the south of the *Bagh-nadi bungalow, strike 10° west of 
north. Before it is reached, however, between the 94th and 95th milestones, there is a bed 
of quartzose pebble conglomerate which cannot at present be referred to any known forma - 
tion. The pebbles are mostly of white quartz and 2 to 3 inches in diameter. A similar 
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rock, not improbably the same bed, is met with between the 90th and 89th milestones, and 
again between the 85th and 84th. In all cases the dip is nearly vertical, and the recurrence of 
the bed may be due to contortion folds. Trap is seen in the intervals. It is a dense dark- 
green rock, and save at Burbruj, was nowhere observed to be amygdaloidal. Near the 
82nd milestone, the road-cutting exhibits sandy grits and shales alternating with trap in 
vertical beds. These imperfect observations were made by me under the very disadvantageous 
circumstances connected with travelling along a road crowded with traffic in the middle of 
May, and at the rate of fifteen miles a day. They do not, however, constitute the first or only 
record of this singular group of rocks. They arc mentioned by Mr. W. T. Blanford in 
the manuscript notes of his march from Chanda through the Chhattisgarh country. He 
writes : “To the east and south of Pallandur* are somo hills composed of a singular series 
of formations which have a very sedimentary appearance, hut arc, in all probability, decom- 
posed volcanic or trappean rocks of ancient date which it is difficult to separate from the 
metarnorpliics, although their mineral character is very unlike that of the hornblend 
rocks, diorite and syenite, usually found associated with the great crystalline formation of 
India. In the hills east of Chisgarli, the rock appears to be mainly composed of quart/, 
and felspar. It is pink in colour; associated with it are some red ferruginous shale beds, 
all evidently much altered as if by weathering. In the (larwai Nadi metarnorpliics occur, 
the peculiar trappean (?) rocks forming apparently a hill range along the south bank for 
some distance, but the road north of the river crosses a mass of the ferruginous shaly rock 
in one place, and then, about two miles before reaching Chisgarli, ascends a high ghat over 
crystalline and compact trap, probably the uiidecomposed form of the rock already specified. 
At the base of the ascent are some earthy slaty beds, very similar to those seen in the 
lower Vindhyan sandstones at Nowsigaon Tank, but rather more schistose. Some of the traps 
are amygdaloidal, but 1 do not think there is any probability of their belonging to any 
overlying formation; and although it is possible that they belong to a newer series Ilian the 
metarnorpliics, they must, I think, until the country is more closely examined, bo classed 
with those rocks.” 

Mr. Blanford also mentions the occurrence of conglomerates similar to those already 
described, one of his localities, “ two or three miles east of the Bagli Nadi, ” being probably 
identical with one of those given above. ^ 

Metamorpkio Series. 

In the wide area under description, the bedded mctamorphic rocks very possibly all owe 
I, heir crystalline character to one and the same period of metamorpliism ; but that they all 
are tho result of the metamorphism of but one uniform series of rocks is most improbable. 

Not only is it possible, to a great extent, to separate these rocks into groups, distin- 
guished by marked lithological characters, but if, as seems probable, the bedding structure 
now seen realty corresponds to the original sedimentary sequence, it is scarcely possible to 
conceive that subsequent disturbance could have produced the relations which are sometimes 
found to exist between adjacent sections. Ou the other hand, such relations might very 
readily be explained by supposing the existence of original unconformity between the beds. 
By some authorities it is maintained that these so-called beds are due to foliation on the 
large scale ; but when the occurrence in immediate juxtaposition of beds of utterly different 
composition is exemplified by the cases of limestones next to schists and conglomeritic schists 
iu contact with crystalline gneisses, aud when tho cases afforded by the less modified sub- 
metamorphic rocks are all taken into consideration, the conclusion, that the beds now existing 


* To the souths cut of tho road section described above. 
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truly represent the order and position of an original sequence seems, to he the more legitimate 
one to draw. 

The limits available for the purpose here will admit of only a very brief sketch of the 
more prominent features of these rocks. 

Valley op the Mahanadi, pbom Cuttack to Sonpub. — Passing westward from the 
sandstones of the Atgarh basin, along the south bank of the Mabanadi, the rocks seen consist 
chiefly of varieties of garnetit'erous gneiss. These are best exhibited in the Barmul Pass, 
where the river runs almost duo north-west south-east between two sugar-loaf peaked ridges, 
the dip of the beds being from 40° to 80° to north-east. 

Towards llorbonga, and thence to Sonpur, the rocks consist chiefly of coarse porphyritio 
gneiss, which occasionally shows strikes varying from north-west to west-north- west ; but not 
uncommonly the rock is massive, and exhibits no distinct bedding or foliation. 

Valley of the Matianadi, pbom Sonpur to Sambalpur.— Between Sonpur and 
Binka the rocks, where seen, consist, for the most part, of granite, with quartz veins. In the 
Ong River there are some liornblendic gneisses, aud further on, fine-grained bacillary gneisses 
and quartzites. Close to Binka there is a schistose quartzite, similar to a rock seen in the 
station of Sambalpur. Its strike is cast 35° north, west 35^ south, with a dip of 50° to 35° 
south of east. Further north, at Turam, in tlie bed of the Mabanadi, there are schistose and 
granitic gneisses, striking north-north -east, with a dip of 60° to east-south-east : these >form 
the long hill ridges on the eastern bank of the river. 

In and near the station of Sambalpur, the rocks arc chiefly granitic and porphyritic 
gneisses, associated with which is a band of quartz schist. The beds are, for the most part, 
vertical, but in places there appears to be a dip towards the east-south-east. The strike 
varies from 10° to 30° east of north. A point about three miles east of Sambalpur seems to he 
the centre of a great synclinal basin, the rocks on all sides consisting of granitic and syenitic 
gneisses, with schistose and slialy alternations. 

Abea North of Sambalpur. — Ten miles north of Sambalpur is the Kudderbuga 
range, formed chiefly of quartzites, which are much more strongly developed in the western 
half of tho range than in the eastern. 

In the Bonum River, south of Katikela, the section exposes a mctamorphic conglomerate. 
The matrix is quite schistose, but very dense and hard, and it includes rounded pebbles of white 
quartz. The same rock occurs three and half miles further north, in the bed of tho Sumpai, 
south of Dulki. Lodes of brown haematite (altered magnetite) occur in the rocks near Kudder- 
buga, more particularly to north of Rarimoul. The principal one seen there consists of a 
quartz-iron breccia, which strikes, with the surrounding rocks, to about west 15° north. The ore 
used by the natives is taken from the washed debris of this lode. Close to Talpuchia there is 
a small hill of fault rock and gossan . It is possible that a metallic lode may exist there. 
Pebbles of carbonate of lead were found in the alluvium about a mile and a half to the south. 

The last section in this tract of country which there is space to notice here, is that 
afforded by the (Gangpur) Sumpai, a tributary of the Ebe. Close to Kujerma the bed of the 
river discloses a thickness of 50 to 60 feet of blue limestone, dip 40° south-south-east. 
Underneath these are somewhat sandy quartzites, and the two rooks taken together are not 
unlike the Vindhyans seen near Padampur. Nearer the village, however, these rocks appear 
to be conformable to and dip under granitic gneisses, which are in close proximity ; but no 
actual junction is seen. A portion of the limestone is of inferior quality, containing tremolite ; 
hut much of it is a strong pure rock, which ought to prove valuable, should occasion arise for 
its employment. 
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The same limestone is seen near the junction of the Sumpai with the Ebe, where it 
occurs in horizontal beds, abutting against a vein of coarse granite. 

Area, in the Mahanadi Valley to the North-west of Samralfur. — In this area, 
which is bounded on the north by the coal-field and on the south by the Vindhyan rocks, 
there is a considerable .variety of both schistose and granitic beds : of the latter, the most 
common is a granular-looking, but really finely porphyritic variety. But, perhaps, the 
leading feature presented by these rocks, especially in the area to west of the Ebe, 
is due to the presence of several strongly -marked bands of quartzite, which form a series of 
ridges, with an almost constant strike to north-west south-east. The most remarkable of 
these is the one which culminates iu the Sunari H. S. peak (1,549 feet). The rocks occurring 
in this hill are protogine granites, covered by the quartzites and blue-and-red sandy schists, 
which dip to north-east at about 80°. The schistose beds have a decidedly sub-metamorphic 
aspect, but cannot be separated from the gneissose rocks. On the same line of strike occurs 
the long ridge of quartzites, which bounds the coal field north of Kudderbuga. There are 
several parallel ridges to the above, with vertical bedding, which traverse tbe metamovphie 
area north of the Mahanadi. In some places these quartzites are quite vitreous; in others, 
distinctly granular, and not readily to bo distinguished lithologically from certain beds of 
the Vindhyan s. 

Area South of the Mahanadi (Dukin-Ttr). — Tho rocks of this area, so far as they 
have been examined, consist principally of granitic gneisses, which, however, present no very 
leading or prominent features, save that iu the neighbourhood of Barpali, and perhaps 
elsewhere, trap-dykes occur in some abundance. Generally speaking, traces of volcanic action 
in the region under description are of extreme rarity. 

Patna and Bodosamah Area.— Throughout this area the principal hill formers are 
several varieties of garnetiferous gneiss. In the neighbourhood of Bolangir there are fid spathic 
granites, which, over a limited area, are characterised by including lenticular masses of limestone, 
with which wollastonite is often much mixed. Close to the village of Daramgarh, and also 
at Domaipali, there are graphite schists. The graphite, being merely a constituent of tin; 
schist, is of course not of very pure quality. Remarkably fine rock-crystals occur in some 
abundance near Bijknmar, to the south of Bolangir. They appear to occur in a nest in yjin 
quartz, but no matrix was seen in contact with tbe nest as at present exposed. 

Kaeial Area. — T n the northern part of this area the crystalline rocks consist chiefly of 
massive porphyritic granites, which are occasionally traversed by curito veins. 

Towards Kumuna a definite strike to about 20° east of north becomes apparent, and the 
porphyritic granites, which often include pink felspar and a green chioritic mineral, alternate 
with occasional beds of garnetiferous gneiss. 

At Karial town and its neighbourhood the rocks do not continue to strike as above, but 
from east to west and east-south-east to west-north-west become the prevailing directions. 
To the east of Karial, at Tukla, and thence towards Ranipur Jural, a fine felspathic slightly 
garnetiferous granite occurs in bosses, some of which are of enormous size and perfectly 
symmetrical shape. 

The Chaoria hill, to tho south of Karial, rises to an elevation of over 3,000 feet, and from 
a long distance off its massive scarped outlines form a prominent feature in the landscape. 
This hill, and most of those in the group to which it belongs, is formed of garnetiferous gneiss. 

Kalahandi Area. — The rocks of the Tel and Hathie valleys in Kalahand i are, probably, 
to a great extent, similar to those just described ; but in the hilly portion of the eastern half 
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of Kalahandi quite a distinct group is met with. They consist principally of homblendic 
rocks, being generally dioritic or syenitic ; but there are also some crystalline fclsites, in 
which there is no trace of homblend. The few short traverses I was able to make across the 
outer ranges of this hilly region were not sufficient to enable me to define the limits of this 
group of rocks ; and owing in a great measure to what I believe to be the origin of the rocks, 
the sections examined are of a nature very difficult to describe. In some few places, as in 
the Bodra-jor, these hornblendic rocks appear interbedded with schists and gametiferous 
gneiss ; but far more commonly the relations are of a most complicated and disturbed nature 
— one, in short, which can only be explained by regarding a portion of the rocks as intrusive. 
From the fact that these rocks occur sometimes interbedded with, while at others they 
envelop and surround, masses of gneiss, but more particularly from the fact that an 
obscure foliation structure is sometimes apparent both in the diorites and felsites , I am 
inclined to believe that these rocks are the product of original intrusive volcanic rocks, which 
have been affected by the goncral metamorphic action of the formation, and are not of plutonic 
derivation, as might be supposed from their more ordinary lithological characters. 

It is impossible to give all the details which I have recorded here. It will be sufficient 
at present to give the observations made on the longest traverse. The ascent to Moulpatna 
is effected by a ghat, about 1,235 feet high, in which there is a confused mass of tumbled 
rocks. What to call the principal form, it is not easy to say. It contains both quartz and 
felspar, and in places might be called a petrosilex, but it passes into a pegmatite, and is 
occasionally even syenitic. Towards the top of the ghfit, dioritic rocks, with a spheroidal 
(cannon ball) structure, appear ; and close to Moulpatna, gneisses also are seen striking across 
some of the valleys, and apparently running under peaks and ridges of the diorites. In the 
section of the Indravati there are coarsely crystalline diorites and syenites, with no distinct 
sign of either bedding or foliation. Thence, eastward to the Baplaimali plateau, the rocks 
seen consist, for the most part, of the same rocks, boulders from which strew the surface in 
every direction. Gneissose rocks, however, occur also, and the plateau is formed of white 
ashy-looking bods, spotted with magnetic iron. They dip to east -south-east at angles of from 
60° to 80°, and are capped by a thickness of 300 feet of laterite. I have once before, in 
Manbhum, met somewhat similar rocks. In that instance the dioritic rocks, being well 
exposed, in plan, in a flat country, often appeared to be interbedded with the ordinary 
nSSlamorphic beds ; but frequently they would suddenly leave the steady strike and pass 
across from between one pair of beds to another, and occasionally also occurred as consider- 
able amorphous masses. 

Jaipur Area. — The crystalline rocks of this area belong to three different groups. 
On the the north-east there appears to be a continuation of the just-described Kalahandi rocks. 
In the central northern portions there are ordinary metamorphic rocks, which are characterised 
by including an unusual proportion of hornblendic gneisses. These are well seen in the 
Boriguma, Poragarb, and Itaigarh groups of hills. On the north-west of Jaipur the rocks 
seem to belong to the group of granites and porphyries of Nowagarh, about to be described. 
Throughout the whole of the area the rocks are much concealed by laterite and alluvium, and 
it would be useless to enumerate details here. 

Bustar Area. — It is almost certain that crystalline rocks occur in the southern parts of 
Bustar, and it is not improbable that they will also be found in the north ; but as there 
are none in the portion of Bustar examined by me, we may pass on to the next area. 

Nowa0ARH Area.-— Throughout Nowagarh I did not meet with a single completely 
satisfactory instance of a distinctly foliated or bedefcd metamorphic rock. Massive granites, 
syenites, and dioritic rocks have, with rare exceptions, alone been observed. It is a matter 
of some uncertainty wbether these should be regarded as being of metamorphic or true igneous 
origin. 
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At the south-west corner of the district. I traversed a section of these rocks ■ between 
Risgaon and Amar, but failed to make out any regular sequence. Ordinary and porphyritic 
granites, together with some dioritic rocks, alternate, and it is just possible striko north and 
south with the hill ridges ; but there is no distinct foliation or bedding. At. Sobha there is a 
strong north and south ridge, formed of massive granitic porphyry, which is flanked by a 
dioritic rock on the east. Rocks of this character continue to Borgaon and Puljir, often 
forming bosses. 

The nature of the granite-quartzite boundary has already been described on a previous 
page. 

An extensive group of hills to the south of Nowagarh town consist chiefly also of 
ordinary and porphyritic granites, which are quite massive and without a trace of foliation. 
In the Pairi River, between Badomar and the quartzite boundary, there is a long section, in 
which the principal rock is a massive porphyritic granite, with pink felspar. Towards the 
north-west corner of the plateau the character of the boundary changes, as already mentioned, 
the granites running up to an elevation occasionally of as much as 900 feet, e.g. t in the 
Maliva hill, before they are capped by quartzites. 

The Lohari hill to the west of Maliva is formed of granites in some variety, many of 
them being remarkably handsome rocks. One form, which contains both pink and white 
felspars, includes also epidote and a chloritic mineral ; another, which is altogether white, 
becomes locally pegmatitic, owing to the absence of mica. 

Towards Paragaon, further west, these rocks form groups of grotesque-looking bosses 
and tors. Beyond these again granites are traceable for some miles down the valley of 
the Pairi, where they occur at the bases of the small plateaus of quartzite and in the lateral 
valleys. Half way between Bourka and Kukda they are covered up and concealed by these 
younger rocks, and do not appear again in the country to the west for many miles. 

Area West of the Raipur Basin. — West of a ridge of pseudomorpliic' 1 quartz, which 
crosses the Raipur and Nagpur road at Waraband, there is a zone of crystalline rocks, 
which extends up to a point two or three miles west of Gortalou, where the above-mentioned 
Sakoli beds come in. The principal rocks of this zone are massive granites, which fonn, more 
especially near Cbicholi, numerous bosses and tors. These granites are traversed by a ser it& 
of more or less parallel runs of pseudomorphic quartz, two of which, and not improbably 
all, partake of the nature of lodes. The galena lode in the one, four miles to the west of 
Chicholi, has already been described by Mr. Blanford. This is, I believe, the only locality in 
India where floor spar is known to occur. At the time of my visit I could see no traces 
of galena, the exposed portions having been, I was told, removed by stone-breakers, who were 
making road metal ; but both in that lode and one north of the bungalow at Waraband I 
found traces of the copper carbonates. 

Towards Bandara, and thence to Nagpur, metamorphic rocks, gneisses, and schists are 
again seen at intervals ; but the rocks in the vicinity of the road are, for the most part, 
concealed by alluvium. 

APPENDIX. 

List of paupers by the Geological Survey having reference to the geology of this area. 

Coal-fields. 

Talchir (Blanford and Theobald) : Memoirs, Vol. I, p. 34. 

Cuttack, coal and iron of (Oldham) : „ „ p. 1. 

Orissa coalfields (Ball) : Report to Government, 1876. 
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Raigarh and ITingir, 1st notice (Ball) : Records, Vol. 

tt ,, 2nd it », » •» 

Korba (Blau ford) „ 

Coal east of Chhattisgarh „ „ „ 

Atgarh sandstones (Ball) „ 


IY, p. 101. 
VII J,p. 102. 
ii r, p. 54. 
Ill, p. 71. 
X, p. 63. 


Miscellaneous. 

Geological features of Bancoorah, Midnapore, and Orissa : Memoirs, Vol. I, p. 219. 
Sketch of the geology of Orissa (Blanford) : Records, Yol. V, p. 56. 

Laterite of Orissa (Blanford) : Memoirs, Vol. I, p. 280. 

Lead vein at Ohicholi, Raipur District (Blanford) : Records, Yol. Ill, p. 44. 

„ „ „ Vol. I, p. 37. 


On the Diamonds, Gold and Lead Obes, of the Sambalpur District, 
by V. Ball, M.A., P.G.S., Geological Survey of India . 

Diamonds. 

When, or by whom, diamonds were first discovered in Sambalpur is quite unknown. 

As in similar cases in many other parts of the old world, an 

First diacovorers unknown. . 

impenetrable haze shrouds the ancient discoverers from our view. 

Such evidence as exists tends to the belief, that the search for diamonds was carried on, 
under a rude system, for many centuries before the year I860, when the British took posses- 
sion of the district from the late Rajah, Narain Singh. 

So far as I have been able to ascertain, the first published notice of the subject is to be 
Mr. Motte’s visit to Sam- found in the narrative of a journey to Sambalpur, which was 
blll P ur - undertaken by Mr. Motto in the year 1766.* The object of this 

journey was to initiate a regular trade in diamonds with Sambalpur, Lord Clive being 
desirous of employing them as a convenient means for remitting money to England. 

His attention had been drawn to Sambalpur by the fact that the Rajah had a few 
i^pnths previously sent a messenger with a rough diamond, weighing 16-g carats, as a 
sample, together with an invitation to the Governor to depute a trustworthy person to pur- 
chase diamonds regularly. 

The Governor proposed to Mr. Motte to make the speculation a joint concern, in which 
writes the latter : “ I was to hold a third ; he the other two : all the expenses to be borne 
by the concern. The proposal dazzled me, and I caught at it, without reflecting on the 
difficulties of the march, or on the barbarity of the country, (fee.” 

In spite of his life being several times in danger from attacks by the natives, the loss of 
Rome of his followers by fever, and a varied chapter of other disasters, Mr. Motte was enabled 
to collect a considerable amount of interesting information about the country. Owing to the 
disturbed state of Sambalpur town, however, be was only able to purchase a few diamonds. 
After much prolonged negotiation, he was permitted to visit the junction of the Rivers Hebe 
(Ebe) and Mahanadi, where the diamonds were said to be found. A servant of the Rajah’s 
who was in charge there informed him that “ it was his business to search in the River Hebe, 
after the rains, for red earth* washed down from the mountains, in which earth diamonds 
were always found. I asked him if it would not be^better to go to the mountains and dig 
for that earth. He answered, that it had been done, until the Mahrattas exacted a tribute 
from the conntry ; and to do so now would only increase that tribute. He showed me several 


Asiatic Aunual Register, Loudon 799. 
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heaps of the red earth — some pieces, of the size of small pebbles, and so on, till it resembles 
coarse brick-dust — which had been washed, and the diamonds taken out/’ * * * § 


The next mention of Sambalpnr diamonds is to be found in Lieutenant Kittoe’s account f 

Lieutenant Kittoe, 1838 . of his j° urne y» in the year 1838, through the forests of Orissa. He 
speaks of the people as being too apathetic and indolent to search 
for diamonds. His remarks on the localities where they occur seem to be derived from 
Mr. M otte’s account, to which, indeed, he refers. 


Although published in the same number of the Asiatic Society’s Journal, J we find a 
Major OuBcley, 1840. paper dated two years later, or in 1840, which was wvitten by 

Major Ouseley, on the “ Process of washing for golhdust and 
diamonds at lleera Khoond.'* In this wo meet the following statement : “The Heera 
Khoond is that part of the river which runs south of the islands. The diamonds and gold- 
dust are said to be washed down the Ebe River, about four miles above the Heera Khoond ; 
but as both are procurable as far as Sonpur, I am inclined to think there may be veins of 
gold along the Mahanadi.” 


No mention is made by Major Ouseley of the system of throwing a bund across one of 
the channels, as is described on a following page ; but from my enquiries, I gathered that 
that method of washing was in practice for many years before the period of Major Ouseley ’s 
visit. He describes the operations of individual washers — not the combined efforts of the 
largo number, which made that washing successful. 


The diamonds found became the property of the Rajah, while the gold was the per- 
quisite of the washers, who sold it for from twelve to fifteen rupees per tola. 

In the Central Provinces Gazetteer it is stated that “during the period of native rule 

Central Provinces Gazetteer. some fifteon «w_twonty vil,a f es w< ‘ re Rented rent-free to a class 
called Jhiras , in consideration of their undertaking the search for 
diamonds. When the country lapsed in 1850, these villages were resumed/' So far as can 
be gathered from the various sources of information, large and valuable diamonds have been 
occasionally met with; but the evidence on this point is somewhat conflicting. I do not think, 
however, that what we know is altogether consistent with the statement in the Gazetteer, that 
“ the best stones ever found here were thin and flat, with flaws in them.” , 

Local tradition speaks of one large diamond, which was found during the Mahrattaoccupa- 

Largest diamonds found. W , Its size nmdl ' its discovery too notorious; otherwise it 
would in all probability, like many other smaller ones, found at 
that time, never have reached the hands of the Mahratta Agent. It is said to have weighed 
two tolas and two masbas (at ten mashas to the tola),§ which would be about 316*2 grains 
troy, or expressed in carats 99*3. It would be impossible, of course, to make any estimate of 
the value of a rough stone of this size, regarding the purity, colour, &c., of which nothing is 
known. 


Another diamond, in the possession of Narain Singh, is said to have weighed about a tola 
the equivalent of which, calculated as above, would be 45*35 carats. Already one of 16*5 
carats has been mentioned as having been sent to Calcutta in 1766. One large but slightly 
flawed diamond, which I saw in the possession of a native in Samhalpur, was valued in 
Calcutta, after cutting, at Rs. 2,500. Mr. Emanuel, in his work on Diamonds and Precious 


* This description suggests laterite as the matrix from which the diamonds were proximately derived. In this 
connection it may be noted that one of the principaf sources of Cape diamonds is said to be a superficial ferruginous 
conglomerate. 

t J. A. S. R, VIII, 1839, p. 375. 

t Ibid. p. 1057. 

§ (One masha = 14 37 grains troy) : properly speaking there are 12 mashas in a standard tola. 
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Stones, gives some particulars regarding the diamonds of Sambulpur, but the limited in- 
formation at his disposal does not appear to have been very accurate. He records one 
diamond of 84 grains having been found within the period of British rule, but does not 
mention his authority. There are said to be a good many diamouds still in the hands of 
the wealthier natives in Sambalpur. Of course, large diamonds such as those above 
mentioned were of exceptional occurrence ; those ordinarily found are said to have weighed, 
however, two to four rutties, equal on an average, say, to the thirtieth part of a tola, or 
4*7 grains = 1*48 carats. In the Geological Museum, there is at present a diamond which 
was sent to the Asiatic Society from Sambalpur by Major Ouseley. It weighs only *855 
grs. = '26 carats. 

As is usual, I believe, in all parts of India, the diamonds were classed as follows : — 


Classification of diamondn. 


I. — Brahman . — White, pure water. 

II. — Kshatrya . — Rose or reddish. 

III.— Yasiya , — Smoky. 

1Y.— Sudra . — Dark and impure. 


From porsonal enquiry from the oldest of the Jharas, or washers, at the village of Jhn- 

nan, and from various other sources, I have gathered the following 
Method of washing , . .. , .. . , b 

details as to the manner in which the operations were carried on 

in the Rajah's time 


In the centre of the Mahanadi, near Jhunan, there is an island, called Hira Khund,* 
which is about four miles long, and for that distance separates the waters of the river into 
two channels, as indicated on the accompanying map. 

In each year, about the beginning of March or even later, when other work was slack and 
the level of the water was approaching its lowest, a large number of people, — according to 
some of my informants, as many as five thousand,— assembled, and as the result of a consider- 
able amount of labor threw a bund across the mouth of the northern channel, its share of 
water being thus deflected into the southern. In the stagnant pools left in the former, suffi- 
cient water remained to enable the washers to wash the gravel accumulated between the rocks 
in their rude wooden trays and cradles. 

m Upon women seems to have fallen the chief burden of the actual washing, while the men 
collected the stuff. The implements employed and the method of washing were similar to 
those commonly adopted in gold- washing, save only that the finer gravel was not thrown 
away until it had been thoroughly searched for diamonds. Whatever gold was found became 
the property of the washer, as already stated. Those who were so fortunate as to find a 
valuable stone were rewarded by being given a village. According to some accounts, the 
washers, generally, held their villages and lands rent-free ; hut I think it most unlikely that 
all who were engaged in the operations should have done so. 

So far as I could gather, the people did not regard their, in a manner, enforced services 
as involving any great hardship ; they gave me to understand that they would be glad to see 
the annual search re-established on the old terms. Indeed, it is barely possible to conceive 
of the condition of the Jharas having been at any time worse than it is at present. No doubt 
the gambling element, which may be said to have been ever present in work of the above 
nature, commended it to the native mind. 

, According to Mr. Emanuel, these people show traces of Negro blood, and hence it has 
been concluded that they are the “ descendants of slaves imported by one of the Conquerors 
of India." They are, however, I should say, an aboriginal tribe, showing neither in their 
complexions, character of their features, nor hair, the slightest trace of a Negro origin. 


* Lit., Diamond mine, 
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When Sambalpur was taken over in 1850, the Government offered to lease oat the right 
Indian Government become see ^ for diamonds. And in 1856 a notification appeared in the 

proprietors. Gazette describing the prospect in somewhat glowing terms.* 

For a short time the lease was held by a European at the very low rate of two hundred 
rupees per annum ; but as it was given up voluntarily, it may be concluded that the farmer 
did not make it pay. The facts that the Government resumed possession of the rent-free 
villages, and that the Rajah's operations were carried on without any original outlay, materially 
altered the case, and rendered the employment of a considerable amount of capital, then as it 
would be now, an absolute necessity. 

Within the past few years, statements have gone the round of the Indian papers to the 
No diamonds found re- effect that diamonds are occasionally found now by the gold- 
contl y- washers of Sambalpur. All my enquiries failed to elicit a single 

authentic case, and the gold-washers I spoke to and Baw at work assured me that the state- 
ments were incorrect. Moreover, they did not appear to expect to find any, as I did not 
observe that they even examined the gravel when washing. 


Source of tho diamonds. 


With regard to the origin of the diamonds, the geological structure of the country leaves 
but little room for doubt as to the source from whence they are 
derived. Coincident with their occurrence is that of a group of 
rocks which has been shown to be referable to the Viudhyan series, certain members of which 
series are found in the vicinity of all the known diamond-yielding localities in India, f and, in 
the cases of actual rock-workings, are found to constitute the original matrix of the gems. 


In several of the previous accounts, the belief is either stated or implied that the diamonds 
are brought into tho Mahanadi by its large tributary the Ebe. It would not, of course, help 
the point T am endeavouring to establish to say that the Ebe, at least within our area, 
except indirect^, J is not fed by waters which pass over Vindliyan rocks, but I have the 
positive assurance of the natives that diamonds have not been found in that river, although 
gold is and lias been regularly washed for. On the other hand, diamonds have been found 
in the bed of the Mahanadi as far west as Chunderpur and at other intermediate places, 
well within the area which is exclusively occupied by the quartzites, shales, and limestones 
of Vindliyan age. 


* Notifications — Persons desirous of working the valuable diamond mines of tho jftahanadi are hereby in- 
formed, that aftor the 1st of January 1857, the privilege will be leased to any one who shall be considered to have 
made the most eligible offer for the same. 

2nd.' -Besides previous stones, gold is to he met with in considerable quantities, and the party who may rent 
the privilege of working the diamond mines will be entitled to appropriate all diamonds, precious stonos, and gold 
that lie may lind iu the bed of that river within the limits of the Sambalpur Division during the period of his lease. 

3rd. — Unless a proportional inducement be offered, a lease will not be granted for a period of more than threo 
years, but applicants are requested to slate at what rate per annum they are agreeable to rent the mines, and how 
many years* lease they are desirous of obtaiuiug, with particulars of all modifications they may wish made in the 
conditions now set forth. 

Parties proposing to rent the mines must bo prepared to lodge in the treasury at Sambalpur one year's 
rent in advance aB security for the fulfilment of tho terms of the leaso taken up by them, and the rent will be de- 
manded in throe instalments yearly. If at any time during the lease, tho period of one year, calculated from tho 
date of payment of the last instalment, be ollowodto elapse without the payment of an instalment, the security 
money shall be forfeited and the lease considered to have expired, 
t Com/. Medlicott, Bundolkund, Mem. G. S. I., Vol. II, p. 65. 

„ Mallet, Viudhyan Series, id., Vol. VII, p. 69. 

„ King, Kadapah and Karnul formations, id., Vol. VIII, p. 67. 
t By a few small stroams which rise in an isolated outlying hill called Gotwaki. It should be stated, however, 
that one of the tributaries of the Ebe, the Icha, far away in Gangpur, is said to produce diamonds; but the state- 
ment needs confirmation, and the geology of that part of the country is at presont quite unknown. Near its sources, 
fur away in Chotu Nagpur, I have heard the Ebe spoken of as the Hira Nad. 
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The mere fact that the place Hira Khund, where the diamonds were washed, is on meta- 
Hira Khund morphic rocks, may be readily explained by the physical features 

of the ground. The rocky nature of the bed there and the double 
channel caused by the island afforded unusual facilities for, in the first place, the retention of 
the diamonds brought down by the river ; and secondly, for the operations by which the bed 
could on one side be laid bare and the gravel washed by the simple contrivances known to 
the natives. 

It is impossible to say at present which the actual bed or beds may be from whence the 
diamonds have been derived, as there is no record or appearance of the rock ever having been 
worked ; but from the general lithological resemblance of the sandstones and shales of the Jlara- 

RuckH similar to diamond pahar hills aild the 0utlier at Borla witl1 the di a ™o n d-bearing beds 

matrix at Panna and Banagau- and their associates at Panna in Bundilkhana and Banaganpilli in 

Karnul, I have very little hesitation in pointing to these rocks as in 
all probability including the matrix. Above Padampur the Mahanadi runs through rocks of 
Most favorable localities this and 1 should therefore strongly urge upon any one who may 
for future operations. hereafter embark upon the undertaking of searching for diamonds 

in Sambalpur to confine his operations, in the first instance, to the streams and small rivers 
which rise in the Barapaliar hills and join the Mahanadi on the south. Besides the obvious 
advantage of being, as I believe would be found to be the case, close to the matrix, these 
streams would, I think, be found to contain facilities for obtaining a sufficient head of water 
for washing purpose's. The works would require but a few laborers, and could be carried on 
for a much longer period every year, say for eight or nine months, than would be possible in 
the case of the washings in the bod of the Mahanadi itself. 

According to the accounts received by me, the southern channel of the Mahanadi used 
not to be emptied in the Itajah’s time ; but from various causes I should expect it to yield, 
proportionally, a larger number of diamonds than the northern. In the first place, the 
stronger current in it would be more efficient in removing the substances of less specific 
gravity than diamonds, while the rocks and deep holes in it afford admirable means for the 
retention of the latter. Again, it is in direct contact with the sandstones and shales (pre- 
sumedly diamond-bearing) of the outlying ridge at Borla. Owing to the greater body of 
^ater to be dealt with, it would be found t-o be more difficult to divert than that which flows 
in the northern channel ; but the result in a greater harvest of diamonds would probably far 
more than compensate for the greater expenditure incurred. 

In the country to the south of Sambalpur, in Karial and Nowagarh, where rocks of 

„ , * .. similar age occur to those of the Barapahar hills, I failed to find 

not known to be diamond- any traditional record of diamonds having ever been lound or 
bearing. searched for. It is just possible, however, that the names of 

several villages in which the word Hira (diamond) occurs may havo reference to some long- 
forgotten discovery. 

In addition to diamonds, pebbles of Beryl, Topaz, Carbuncle, Amethyst, Cornelian, and 
Pebbles clear quartz used to be collected in the Mahanadi ; but I have not 

seen either sapphires or rubies. It is probable that the matrix 
of these, or most of them, exists in the metamorphic rocks, and is therefore distinct from that 
of the diamonds. 

Gold. 


In all probability gold occurs pretty generally throughout those portions of the district in 
which metamorphic rocks prevail* So far as I have been able to gather from personal observa- 
tion, the washers confine themselves to the beds of the Mahanadi and Ebe ; but in the rains 
they are said to leave the larger rivers and wash in the small jungle-streams. 
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In the Ebe, below Tahood, I saw a party of gold-washers encamped on the sand. The 
Gold washed for within places where they were actually washing were within the area 
Talchir boundary. occupied by rocks of Talchir age ; but whether the gold was proxi- 

mately derived from the Talchirs or had been brought down by the river, as is possible, from 
the mctamorphic rocks, a short distance higher up, I am unable to say. 

There is of course no pi'imd facie improbability in the Talchir rocks containing gold. On 
the contrary, the boulder bed, including, as it does, such a large proportion of materials 
directly derived from the metamorphic rocks, might naturally be expected to contain gold. 
In the original description of the Talchir coal-field the following passage occurs: — “ Gold is 
occasionally washed in the Tikaria River, and was also a few years since obtained from the 
sands of the Ouli.” The latter case is rather interesting, since the localities are in a sandstone 
country, through which the Ouli mainly flows.* * * § In this connection it may be mentioned that 
in Australia, quite recently, a conglomerate bed of carboniferous age has been found to be 
auriferous.f 


As to the methods employed by, and the earnings of, the gold-washers, the remarks 

Method of washing, *o. made in a paper by me 0n lbe gold ° f Sin g blmm + a PPty equally 
to Sambalpur, and need not be repeated here. 


Lead Ores. 


Galena at Jhunan . — On the occasion of my first visit to Sambalpur in 1874, Captain 
Bowie, at that time Deputy Commissioner of the district, shewed me some specimens of 
galena which had remained in the possession of the Tehsildar and other residents since 
before the occupation of the district in 1850. The history of this galena appeared to be as 
follows : — 


It was discovered in the bed of the Mahanadi at Jhunan, 10 miles west of Sambalpur, in 
First discovery the Ra jah’s time, and was at first extracted to a small extent by the 

people and used as a substitute for Surma or antimony lor anointing 
the eyes. Suddenly, however, the^ Rajah, Narain Singh, becoming afraid that the discovery 
might attract the notice of Europeans, ordered the excavation to be stopped and the lode to be 
covered up and concealed. 

During the 25 years or so which had elapsed since that time, the river has somewhat* 
shifted its channel, and sand and clay had been deposited against the bank where, according to 
the villager’s recollection, the lode was originally exposed. By Captain Bowie’s orders, a party 
Re discovery ^ ese villagers were set to re-discover the position, and on the 

27th December we visited the spot and found that several trenches 
had been dug in the sand ; these, owing to the influx of water and a shifting layer of quicksand, 
had failed to lay bare the face of rock, but from the fragments of stone brought up it was 
apparent that the lode had not been struck. The rocks seen in the bed of the river consist 
chiefly of a coarse granular-looking granitic gneiss, which strikes from about north-west to 
south-east. Observing some small veins of quartz to run with the strike, it seemed probable 
that the lode would do so too, and I accordingly laid out a line for a new trench, which resulted 
a few days later in the re-discovery of the deposit. 


Among the first specimens of galena brought into Sambalpur was one weighing 
1 maund 6 seers 4 chittacks, of which about one-half consisted of galena, the remainder 
being made up of portions of the quartz g&ngue-and sides of the lode.§ In some of these 


* Mem., G. S. I., Vol. I, p. 88. 

t Vide Geol. Mag., 1877, p. 286. 

X Records, Vol. IT, p. 11. 

§ This fine sample is now in the Geological Museum. 
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Nature of gtuigue. 


Silver. 


first specimens, the presence of antimony was apparent, and there were also traces of the 
carbonates of copper. On re-visiting the locality, I was able to satisfy myself that the 
Deposit a true lode. deposit occurred as a true lode which, though striking, apparently 

with the surrounding granitic gneiss rocks, has a different under- 
lie, and cuts across the plains of their bedding and foliation. At this stage, what I subse- 
quently found to be the case was not apparent, viz., that the lode does not rise to the surface 
or outcrop of the gneiss above the bed of the river, but that it commences somewhat abruptly 
several feet below. In the portion of the lode exposed, which was about six feet in length, 
the distance between the walls varied from 16 to 19 inches. The strike was from 35° north- 
of-wost to 35° south-of-east with an underlie of 46°, to 36° east-of-north, that of the sur- 
rounding rocks being in places 60°. 

The gangue consists of quartz, which is permeated in every direction by nests and strings 
of galena. In places massive ore stretches from wall to wall. 
Besides hydrated peroxide of iron which forms a kind of gossan 
with the quartz, I found no trace of any foreign minerals in the gangue. 

On assay, the galena yielded 12 oz. 5 dwts. of silver to the ton of lead. This, though a 
small percentage, would be sufficient under favorable circumstances 
to yield a profit on the cost of extraction* 

On the whole, the aspect of the lode, as seen at that time in the bank of the river, was so 
promising that, at Captain Bowies request, I laid out a system of trenches by which its 
Preliminary exploration. extension inland from the river might bo proved. Subsequently, a 
small grant of money was made by the Central Provinces Govern- 
ment for the purpose of making some experimental excavation, and operations were forthwith 
commenced. Just before leaving Sambalpur in April 1875, 1 again visited the locality to sec 
what progress had boen made. I found that a trench about 20 feet deep had been dug through 
the alluvium some 60 yards from the bank of the river; but it had not been carried to a 
sufficient depth to lay bare the rock throughout. On this occasion I first found out what 
I have above noticed, namely, that the lode does not, on tho scarped river face, rise to the 
outcrop of the rock. This, of course, renders the chance of striking it by mere superficial 
^renches in the rock very much smaller than it would otherwise be. 

In the absence of any one who could take charge of the work on the spot, I did not 
recommend any operations in the river bed itself, as, if injudiciously carried out, they would 
not improbably injure the prospects of successful mining hereafter by destroying all trace 
of the lode and leaving in its place an excavation open to the floods. Such work as had been 
done was, from the want of skilled guidance, not of a conclusive character. I therefore could 
not recommend any further outlay being incurred on the exploration, and accordingly nothing 
more has been done in the matter since 1875. 


Galena at 2?adampur . — The above is not the only looality in Sambalpur where galena 
has been found. Twenty -four miles farther up the Mahan adi, in the bed of the river under 
the village of Padampur, strings and small nests of galena occur somewhat irregularly in a 
bed of Vindhyan limestone. This deposit does not appear to exist in sufficient abundance to 
become of any economic importance. 

To the north of Sambalpur, near Talpuchia on the Ebe, some rolled pebbles, consisting of 
Carbonate of lead. ' a m ^ ure the oxide and carbonate of lead, have been found. 

Whence they were originally derived is uncertain, but I think it 
possible that the matrix may exist in a small hill to the north of Talpuchia, which consists 
of foufcrock and gossan. 
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Note on “ Ebyon comp. Barbovensis,” McCoy, pbom the Sripermatur Gboup near 
Madras, by Ottokar Feistmantel, M.D, 

Amongst the fossils from the Sripermatur group, near Madras, which were sent in by 
Mr. Foote, and which contain numerous plant impressions and remains of marine animals, 
there is also the impression of a fossil Crustacean. The impression shows a portion of the 
carapace, a fragment of one leg, and the abdomen. The specimen is very flatly pressed, 
although the adnexa of the epidermis are pretty well marked. From the extremely flat 
carapace, and from the condition of the seventh segment and of the caudal plates, is shown 
that our specimen belongs to the genus Ergon, Desm. 

CRUSTACEA, DECAPODA, MACRURA. 

Ebyones, Desm. 

Ergon comp . Barrovensis , McCoy, Figs. 1, 2, 3. 

1840. McCoy : On the classification of some British fossil Crustacea. Ann. and Mag. Nat. 11., vol. iv., 2nd 
scries, p. 172. 

1858. William Jardine: Memoirs of Hugh Edwin Strickland, London, p. 227 (figure). 

1882. Oppel : Faheontologiflche Mittheilungcn 1. Uber jurrassischc Crustacean, p. 11. 

1866. Woodward (1L): Notes on the species of the genus Eryon, &c. Qu. Journ. Geol. Soc. of London, vol. xxii, 
p. 405, Ac., pi. xxv ( fig. 1. 

In our specimen there is only about one-third of the carapace preserved, very flatly 
pressed. The lateral margin, as far as can be seen from the preserved portion, was denticulated ; 
the posterior margin is slightly emarginated : at the point of junction of the lateral and 
posterior margins there seems to have been a somewhat projecting angle. In the median line 
of the carapace are st?cn two oblong impressions, which seem to be connected, and of which 
the lower one, near the posterior margin, is deeper and narrower. 

These two impressions answer, of course, to tubercles of the same form on the surface of 
the real specimon (ours being only a negative impression). 

About in the middle between this median series of tubcrclo impressions and the lateral 
margin, there is seen another longitudinal slight impression, running in an oblique direction 
from the posterior margin towards the anterior portion and the median line. This impres * 
sion must have been caused by a prominent ridge, which had the same direction. 

The breadth of the carapace at the broadest part was 44 mm. : of its length I cannot 
judge. There is a fragment of a leg ; and from its size and form, I must judge that it 
belongs to one of the first pair of legs. 

The abdomen is about one-third narrower than the carapace, as far as can be seen from 
the impression. 

Seven segments are well seen. The first is narrower and much shorter than the others : 
in the median line there is an oblong, deep impression : the lateral portions of this segment 
are not well shown. 

The following four segments are almost equally long, but they get h little narrower 
towards the seventh segment. Each of these sogments shows in the median line an oblong, 
pretty deep impression and, besides this, two lateral tubercular impressions, quite close to the 
anterior margin. The sixth segment shows the same condition as the four preceding ones ; 
but is narrower. It continues into the seventh, which is much narrower, but longer, of a 
triangular form, ending in a pretty sharp point. At its base this segment is a little con- 
stricted, but gains again its entire breadth, finishing from thence in the pointed apex. 

T1k» lateral margins of this seventh segment are finoly and sharply denticulated. 
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On both sides of the median line of this seventh segment are seen two oblong spaces, 
beginning broader at the base of the segment, and becoming very attenuated towards the 
apex ; their extension is very well characterised and defined by closely set, sharply marked, 
minute holes, like pricks of a needle. I suppose these two spaces are the impressions of two 
similar ridges, which in the living animal were in this place on the upper surface. 

On both sides of this seventh segment are the caudal plates, two of them on each side, 
and they form, together with the median seventh segment, a pentaphyllous caudal fin. These 
caudal plates are connected by a special intervening segmental portion with the sixth 
segment. Their form is broadly, sub-quadrately oval ; and they are, as far as I can observe, 
traversed by a longitudinal ridge — in our specimen, of course, very flattened. 

On one of the outer plates (in the drawing the right one) I can observe, nearer the 
apical margin (the extremity), a curved line, which, I suppose, represents a suture in this plate. 
This would agree with Mr. H. Woodward's observation on Eryon Barrovensis (1866, l . c., 
p. 496), while Dr. Oppel (1862, l. c., p. 9) stated that the caudal plates are undivided, as is, in 
fact, the ease with the forms from the “ Solenhofen-Schiefer.” Mr. H. Woodward marked this 
suture in the caudal plates as an important distinction of Eryon Barrovensis, from the 
Solenhofen species ; and the character must be used to the same extent in our specimen. 
On the inner caudal plates, I could observe that their margin is finely denticulated. The 
whole surface of the abdomen, as preserved in our specimen, shows very fine minute holes, 
which extend also into the tubercular impressions in the median line of the segments. 
These little holes are only the impressions of little warts which covered the epidermis 
of the living animal. 

The lateral processes (epimera) of the segments are a little decreasing in size towards 
the last segment, and are rouuded in their anterior marginal portion. The process of the 
last segment is more acuminate ; and to this are joined the segmental portions, on which the 
caudal plates are inserted. These lateral processes show also the minute holes, which I 
mentioned before to be found on the whole surface. 


Dimensions of the abdomen. 

a. From the posterior margin of the carapace to the apex of the 7th Bcgmont 

b. Length of let segment 

c. of 2nd 

d. of 3rd 

0. „ of 4th 

/. „ of 6th 

H. „ of 0th 

*. „ of 7th 

Breadth of the eamc at base 

1. Breadth of inner caudal plates 
Length of tho name 

k. Length of outer caudal plate from point of insertion to the apex 

l. Greatest breadth of the same 

m. Distance of suture iu the caudal plate from point of insertion 

it. Breadth of 1st segment ... ... ... 


Mm. 
... 48 0 
... 36 

*5 
C 
•6 
*0 
66 

... 10 0 
... 110 
... 8‘6 
... 14*0 
... 10-6 
... 11*0 
... 11*5 
... 28*5 


Comfabison. — The very flat and broad carapace, the structure of the seven segments 
with median and lateral tubercles on the anterior margin, the form and structure of the 
caudal plates, leave no doubt that our specimen is an Eryon . The two most closely related 
forms are Eryon Hartmanni, v. M., and Eryon Barrovensis , McCoy. The general resem- 
blance is very close. 

EBTOX Habtmanni is fignred by H. v. Meyer in N. Act. Ac. Leop. Carol., vol. xviii. 
pt. i, pi. xi-xii. This species is, however, much larger in all dimensions, although the 
general form of the carapace would agree. The Segments are much broader and longer ; the 





GF.OLOGI CAL SURVEY OF INOfA 
0 Pi - On. P3T_yt>n ,m.dL CnngJco. 



1. 1 1 



?rmtei at Survey Ot lice 


Reoord^ IV S, 1 YjlX 




\ 


7 




PART 4.] 


Feutmantel: Eryon comp . Barrovensis . 


195 


median tubercles are smaller in proportion to tbe segments, than is the case in our speci- 
men ; the lateral tubercles are hardly marked, while they are distinct in our specimen. The 
lateral processes in Eryon Hartmanni are more decreasing in size towards the posterior 
segments than in our specimen. The seventh segment is broader in Eryon H artmanni, 
the lateral margins being more curved. The formation of the inner pair of the caudal 
plates iu our specimen, however, agrees with the same in Eryon Hartmanni; the outer 
caudal plates are not well exhibited in H. v. Meyer’s drawings. The surface of the abdomen 
shows also well the warts of the epidermis. 

Our specimen shows, however, a closer resemblance with Eryon Barrovensis , McCoy, 
when compared with H. Woodward’s restored figure (l. c.) : it shows the median series of 
tubercles in the carapace, and also the lateral oblique ridges ; the median and lateral tubercles 
of the segments ; also the lateral processes are identical with those in Eryon Barrovensis , 
McCoy. The seventh segment agrees in general form also well with Mr. Woodward’s 
drawing, although this figure does not show the two longitudinal spaces, set with the minute 
holes; but in the figure given in W. Jardine’s work (1. c.), p. 227, the seventh segment 
shows precisely the same two dotted spaces as are seen in our specimen. 

The caudal plates are of importance. One of the outer caudal plates in our specimen 
(the right in the figure) shows at the extremity, as already mentioned, a suture, which 
H. Woodward has shown also in his figure, and pointed out as an important distinction from 
the Sol enh of en specimens ; and the same suture is also shown distinctly in W. Jardine’s 
figure (l. c.) This character I consider as most important in the comparison of our specimen 
with Eryon Barrovensis , McCoy. The inner pair of caudal plates is in our specimen 
broader on the point of insertion than is shown in Woodward’s drawing ; but in W. Jardine’s 
figure they show almost the same condition. 

With the Eryones from the Solenhofen-Schiefer, as they are figured in Graf Munster’s 
Beitrdge ” and in Dr. Oppel’s Palseontologische Mittheil ungen, our specimen cannot be 
well compared, most of these having the caudal plates more triangular ; but the want of a 
suture in the outer plates forms the chief distinction. 

The genus Eryma , Meyer, which has a somewhat similar caudal fin, can, of course, not be 
taken into consideration, the carapace being different. % 

From what I have said , it would follow that we have here a form , which has its 
closest ally in Eryon Barrovensis, McCoy, of the English Lias : in fact , our specimen 
differs from that described by Mr . Woodward only by its being a little smaller [the 
abdomen is 22 mm. shorter ), while it agrees completely in size , Sfc., with that given in 
W. Jardine's work ( l . c .) ; so that there is hardly any objection to consider our specimen as 
Eryon Barrovensis, McCoy. 

As I mentioned, our specimen is from the Sripermatur group (upper Gonflwanas), west 
of Madras, which contains plants and animals, the plants being, to a great extent, of the 
type of the Rajmahal flora, which I determined to be of liassic age. 

This Sripermatur group has its immediate representative in the Bagavapuram shales, 
on the lower Godavari ; and these shales, as described by Mr. King, overlie beds of the age 
of the Kajmahal group. 

Explanation of Figures 1—3. 

Fig. 1 — Kepresents the specimen of natural size, showing a portion of the carapace, 
one leg, segments, and caudal fin. 

Fig. 2— Fifth segment twice enlarged, showing the median (m. t. i.) and lateral tuber- 
cular impression (1. t. i.), the dotted surface and lateral processes (1. pr.). 
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Fig . 3 — Is the sixth and seventh segment together, twice enlarged, showing lateral 
tubercular impression (L t. i.), segmental portion (s. p.), and the dotted spaces 
of the seventh segment. 


Notes on Fossil Flobas in India, by Ottokab Feistmantel, M.D., Palaeontologist 

Geological Survey of India . 

XVII. — Some elements of the Artie and Siberian Jurassic Flora amongst the plants 

of the Gondwana-system. 

1. Gingko. Lin . (Ueer). 

Prof. Heer, the illustrious describer of the Artie Fossil Flora, has, in his recent pub- 
lications, disclosed to our knowledge the Jurassic Floras of Spitzbergen (Cape Boh email) and 
of Eastern Siberia and the Amur countries. A most interesting fact is, I think, the 
establishment of the genus Gingko ( Salisburia ) among the Jurassic plant remains — a genus 
which is at present living in Japan and China. Species of this genus are described from 
Siberia and Spitzbergen. 

Some forms of this genus were at first described from the Yorkshire Oolite as Cyclo - 
p ter is, Bgt., Cyclopteris digitata being best known. Later, the name Bajera was 
established for these forms by Fr. Braun. Prof. Heer was so fortunate as to receive 
more complete specimens, from which he proved them to belong to the genus Gingko. The 
fossil representatives of Gingko in the Jurassic formation at present known are — 

(1) Spitzbergen — Cape Boheraan.* 

Gingko digitata , Heer, with varieties. 

Gingko Uuttoni, H. 

Gingko integriuscula, H. 

(2) England — Scarborough : f 

Gingko digitata , H. ( Cyclopteris digitata , Bgt.). 

^ Gingko Uuttoni , H. (Cyclopteris Uuttoni , Stbg.). 

(3) South-Eastern Russia — Kamenka, near Izoum : J 

Cyclopteris incisa , Eichw. — Closely related with Gingko Uuttoni , H. 

Gingko digitata , H. (as Cyclopteris). 

(4) East Siberia (Irkutsk) and Amur countries : § 

Gingko Uuttoni , H. (E. Sib.). 

Gingko Schmidtiana, H. (E. Sib.), 

Gingko flabellata, H. (E. Sib. ; Amur c.). 

Gingko pusilla, H. (E. Sib. ; Amur c.). 

Gingko Sibirica , H. (E. Sib. ; Amur c.). 

Gingko lepida , H. (E. Sib.). 

Gingko concinna , (E. Sib.). 

* 

Forms of this genus were previously also described from Cretaceous and Miocene 
(Greenland, Senegaglia, N.-W. America, &c.). 

* Heer, Flora fossilis arctiea, Vol. IV. 

t Brongniart, Hist. vegSt loss,, i&ib. 01. f. 2. 3 : Lindley and Hutton, Foss. Flora of Or. Brit., tab. 64. 

t Eichwald, Lethaea Bossica, VoL II. 

$ Heer, Flora fossilis arctiea, Vol, IV. 
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I have to record two forms from our Indian Jurassic deposits (upper portion of Gond- 
wana system) — 

Ginko lobata, Feistm., figs. 4,5. 

Cyclopteris lobata , Rec. Geol. Surv., 1876, p. 126. 

GingJco , Rec. Gool. Surv., 1877, p. 144. 

This species is from the Jabalpur group (Sher River in the Satpura basin), and was 
described by me at first as Cyclopteris , before Heer had established the genus GingJco. 

I distinctly pointed out its relation to Cyclopteris digitata 9 Bgt., which itself is now a 
GingJco digitata , II., of which a splendid specimen is figured in the Jnrassic Flora of Spits- 
bergen, pi. x, f . 2, by Prof. Heer. 

I saw a difference in our specimen from GingJco digitata in itB not being so deeply In- 
cised, and called it therefore Cyclopteris lobata , which name I keep in transferring the form 
to GingJco , but state again, that it is very closely related with GingJco digitata from the 
Yorkshire Oolite (Lower Oolite). 

Gjngko crassipes, sp. n. 9 figs. 6, 7. 

Foliis oblonge , rotundatis , basim versus altenuatis, margine indivisis , Jiinc indc sub - 
lobath , nervis creberrimis repe’ito dicJiotomis 9 c basi radiatim eggredientibus , pedicello 
crassiusculo , tinea notato . 

This species agrees in the condition of the leaf with GingJco integriuscula , H., from Spitz- 
bergen; our leaf, however, is more oblong: the chief distinction is the thicker peduncle 
of our species, which shows well the point of insertion. The margin is undivided ; here 
and there slightly lobed. Veins are # numerous, repeatedly forked, radiary. 

Locality. — Our specimens (four altogether) were found in the Ragavapuram shales on 
the Lower Godavari. 

GingJco lobata , Feistm., is from the same place, and in fact preserved in the same speci- 
men of the Jabalpur group on which I first saw the Glossoptcris in these beds, and 
GingJco crassipes 9 sp. n., is from a group which is on the same horizon as the Sripermatur 
group, from which 1 described the Eryon comp. Barrovensis and as the Kota-Maleri beds. 

GingJco lluttoni , H., from the Middle Jura in Spitzbergeu and E. Siberia, is, according 
to Prof. 1 Jeer’s opinion, very close to the living GingJco biloba, Linn., in Japan and 
China. 

2. Two other types of fossil plants from the Jabalpur group, which I have not figured 
in the plates to be published with the descriptions of the fossil flora of that group, are 
represented in the annexed figs. 8 and 9, as I think they are of some interest. 

Fig. 8 shows linear impressions, with oval or round swellings in their length. The 
drawing represents them rather too distinctly. The only fossil which this specimen 
recalls, is the recently-described genus CzeJcanowsJcia, Heer ( l . c.) 9 which is said to be a 
conifer, the lineal impressions representing leaves, and the swellings being caused by parasitic 
fungi. This specimen is from Jabalpur. 

Fig. 9 represents a set of lanceolate leaves, apparently converging towards the lower 
part, as if they should join there. As far as can be seen, they are traversed by longitudinal 
single veins. This specimen is from the Sher River and recalls Prof. Heer’s FJibnicopsis 
(L c.). 

I do not at present intend to identify the figured specimens with the forms mentioned 
from E. Siberia and the Amur countries. I wish only to indicate the possible relations, as it 
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may happen that by the discovery of more and better specimens from the Jabalpur group, 
the identity with those forms will be proved. I point to these three forms specially, as in a 
general paper they might be overlooked ; but the relations of our Indian Jurassic floras 
with those in Asia are much closer. 

If we take the flora of the Jahalpur-Kach group, with the somewhat older flora of 
the Rajmahal group, then we find its representatives in South Russia (Izoum, near Kamenka), 
in Iwmeretia to the south, and Daghestan to the north of the Caucasus, in the Elburz 
mountains, near Astrabad, in Irkutsk (E. Siberia), in the Amur countries, in Japan, in 
China, west of Pekin, and in the Province Hoopeh ; and, according to Baron von Richthofen's 
opinion, the coal-beds of Sze-Chwan, Yunnan, &c., are of about the same age. In my paper 
on the flora of the Jabalpur group I shall discuss these relations more in detail, showing 
the identities. 

3. A new Dicksonia L'Hebit fbom the Damuda Sebies, Pigs. 10—11. 

In the continuation of the Rajmahal Flora* I have described a DicTcsonia as Dicks. 
Bindrabunensis ; but as at that time I was not aware of Prof. Heer's work on the Jurassic 
Flora of Eastern Siberia and the Amur countries having been published, I said, page 23, 
that “we do not find this name as a fossil genus." I am glad to see that, although 
Prof. Heer was prior in establishing the genus as fossil, I was also correct in my diagnosis, 
which I made independently. 

I have now to record a form from the Damuda series, which is very close to one of 
Prof. Heer f s species. The specimens in question are from the Raniganj and Jherria coal- 
fields : one of the specimens from the latter locality which were collected by Mr. Hughes, 
I have figured (fig. 10), and two leaflets are enlarged in (i gs. 10a and 105. 

The sub-opposite pinn® rise from the rhachis, at subacute angles, turning upwards. The 
chief rhachis and the rhachis of the pinnul® are traversed by a median line. The pinnul® are 
membranaceous, closely set, oblong, attenuated towards the base, pretty acute at their apex, 
and decurrent on the rhachis. 

The pinnul®, which are closer to the chief rhachis (about 3 or 4) have a sinuately 
denticulated margin, while those more distant have almost an entire margin, and only here 
and there the averted margin shows a slight sinuation. The enlarged pinnulae, figs. 10a and 
105, show this. 

There is a chief vein coming out more from the lower part of the base, but almost at 
the same spot a secondary vein passes out from the chief vein ; besides this, other secondary 
veins pass out at pretty acute angles and are forked. No fructification is preserved. 

There is especially one species in Prof. Heer's work on the Flora of the Amur countries, 
Dicksonia concinna (L c .), page 87, to which our form is closely allied ; and Heer’s fig. 2, 
on tab. xvi, approaches very much my drawing, so that I consider both as belonging to 
the same group. 

In fig. 11 is a pinna of another specimen, which approaches still more Heer's 
drawings. 

This is not the only form in our Damudas which is a Siberian element. Prof. Heer 
describes a Phyllotheca Sibirica , to which, as he himself remarks, the Phyllotheca australis* 
McCoy, is most closely allied ; bat also our Phyllotheca indica , Bunb., from the Raniganj 
group, is almost undistinguishable from the Jurassic form in Siberia. 


* Palteontol. Indica, Ser.' II, 2, pp, 23, 24. 
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Besides these, the Jurassic Flora of Siberia and the Amur countries is very rich in forms 
of the group of A1 ethopteris Whithy crisis, which also is represented in the Damudas, and 
is again frequent in the Upper Gondwanas. 

Explanation of Figs . 4 to 11 . 

Figs. 4, 5.— Two loaves of Ginglco lobata. 

Figs . 6, 7.— Two leaves, with peduncles, of Ginglco crassipes. 

Fig . 8. — Czekanowslcia , sp. 

Several leaf fragments, which T believe to belong to this peculiar form. 

Fig. 9. — Fhbnicopsis , sp. 

A specimen, which I refer to this genus. 

Figs 10, 11, (10a, 10b, 11a). — Dickson ia comp, concinna, Ileer, pinna} of natural size 

and pinnulse enlarged. 

XV Til. — N otes on Vertebraeia, Schizoneura Zeugophyllites, and Noggerathia. 

From the Indian Damuda series originally two species of Vertehraria were described, i. e.„ 
Vertehraria radiata , Royle, and Vertehraria indica, Royle* which, however, represent only 
one and the same form, the latter being the longitudinal section, the former the transversal 
section. Both were (1850) placed by Ungerf with Sphenophyllum. But as this was only 
an incorrect supposition, we have to keep the original names. 

From Australia similar relations are to be recorded. There is described a Vertehraria 
australis , McCoy, J which is the only figure of this genus with this name. It is a trans- 
vorscl section, and was compared with our Vertehraria radiata, Royle. This Vertehraria 
australis, McCoy, however, was also placed by Unger with Sphenophyllum as Spheno - 
phyllum australe. As, however, this transferring of the Vertehraria australis to the genus 
Sp h c n op Iryllum was incorrect, the name Vertehraria is to be retained also for this form. 

But there is in Dana’s Geology (United States Exploring Expedition, 1849, pi. 14) another 
form, described as Clasteria australis. The closer examination, however, shows that Clas - 
Leria australis , Dana, is to Vertehraria australis, McCoy, in the same relation as is Verle - 
hraria indica , Royle, to Vertehraria radiata , Royle, or, in other words, Clasteria aus % 
trails , Dana, is the longitudinal section of Vertehraria australis , McCoy, both representing 
one species. 

We have here therefore a fossil plant from Australia which within four years was 
described with three different names, i. <?., Vertehraria australis , McCoy (1847), Clasteria 
australis, Dana (1849), and Sphenophyllum australe, Unger (1850); and for which tho 
name Vertehraria australis , McCoy, as tho original one, has to be kept. 

I thought it useful to point to these relations, in order to prevent mistakes, and to show 
how in some papers on the Australian coal-bearing rocks confusion may arise when Verteh - 
raria , Sphenophyllum , and Clasteria are quoted as three different forms. 

I have also to explain another case, the contrary of the preceding, i. e., tho correlation 
or identification of three different forms in comparing our coal strata with those in Australia : 
I mean the three forms, Scliizoneura , Zeugophyllites, and Nbggeratliia , A closer examina- 
tion and comparison of these three forms shows that they are as different as the former 
three are identical. 


* Royle, llluBtr. of the Botany, &c., Him. Monnt, 1839, tab. ii. 
t Unger gen. et spec, plant, foss., I860. 

X Ann. aud Mag. Nat. Hist., Vol. 20, 1847. 
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(a) Schizoneura , Schimp. — In this form the leaves (portions of the spath) consist of 
several leaflets, which are long and linear, and attenuated at both ends; by their con- 
nexion the spath is produced. Each of the leaflets is traversed by one single pretty tliickish 
vein ; and the spath, or a portion of the spath (leaf), shows as many single pretty thickish 
and pretty equally distant veins as there are leaflets joined together. 

That the spath is produced by connexion of several single leaflets is shown by the many 
instances/ both in the European Trias and in our Damudas, where the spath partly splits 
into the single and free leaflets. The stalk of this plant is articulated, and the spath in 
the joints is “ amplexicaulis.” 

I have not found any drawing of an Australian plant which could be referred to 
Schizoneura . 

The characters mentioned distinguish Schizoneura unmistakably from Noggerathia. 

( h ) Zeugophy llites. — There are noticed two species' of this genus: Zeugophylliies cala- 
moides, Bgt», from India (Raniganj, Bengal) ; and Zeugophyllites elongatus , Morr., from 
Australia. 

Brongniart, Morris, and Schimper, who very well knew the characters of Schizoneura , 
did not unite Zeugophyllites with this genus; on the contrary, compared it with quite 
other forms. Brongniart, the original describer, says in his Tableau des genres de v^getaux 
fossiles, p. 89* about Zeugophyllites : “Sous ce nom j’ai d<$sign£ une forme de feuillea 
pinna tijides de Monocotyl6dones ressemblant a d’autres feuilles de Palmiers, telles que celles 
des Calamus , des Desmoncus , &c., dont les folioles ont plusieures nervures principales et ne 
sont pas pliies en carlnes sur la ligne mddiane ; dans la seule espcce de ce genre fossile les 
folioles sont opposdes comme dans quelques Calamus” 

Prof. Schimper thinks to recognise in this diagnosis ono of the great Pterophyllum or 
Anomozamites from the Rajmahal Hills. 

Of the Zeugophylliies calamoides no drawing exists ; but we have a drawing of 
Zeugophyllites elongatus , Morr.f Supposing this drawing is correct (and there is no reason 
to think that it is not so), the great difference from any known Schizoneura must be seen : 
g the veins are much more numerous, and they belong to the leaf itself which is not com- 
posed of several leaflets. It recalls strongly certain Cycadeacea, especially Zamiece , with 
which would also agree the circumstance, that of the Australian Zeugophyllites single 
detached leaves are so frequently found, while in Schizoneura the spaths seem to have been 
much more closely inserted in the joints. Amongst the fossil Cycadeacece , we find, especially 
with Podozamites and others, that the leaves are frequently detached. 

That Zeugophyllites cannot be placed with Noggerathia will be seen from the following : 

(c) Noggerathia. — Those specimens from the Damuda series which are styled Noggera- 
thia, and those which I have seen from the upper coal measures^ of Australia, cannot be 
compared with either of the former two. The leaves of the so-called Noggerathia are 
oblongly spathulate, sometimes oblongly ovately rhomboidal : the veins passing out from 
the attenuated base arc thickish, and radiate into the leaf surface, several times forked. 
This character is at least exhibited in all tbe Indian specimens examined by me. It is 
evident that these leaves do not resemble either Schizoneura or the Australian Zeugo- 
phyllites ; but neither can they be quite well united with what is described as Noggerathia 
from the European coal measures. 


* Schimper, Trait d. Pal. veget. II, p. 505. 
f In btrzelecki, N. S. Walee, *c., tab. vi, fig. 5, 5a. 
$ Above the Marine Fauna, 
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My opinion is that the forms of our so-called Noggerathia are all Cycadeee, and especially 
Zamiece , so that in future I will treat them as close to Zamia. We conclude therefore that— 

(a) the Indian Schisoneura, is different from the Australian Zeugopliyllites and the 
Australian Noggerathia ; also from the Indian so-called Noggerathia : 

(ft) the Indian Noggerathia is different from the Australian Zeugopliyllites : 

(c) The Indian Noggerathia is more allied to Zamia than to any other form. 

XIX.— Note on the occurrence of "Glossopteris ” (?) in the coal-bearing rocks of 

Asia Minor, and on the occurrence of the same genus in the Tertiary forma- 
tion of Novale. 

In my notes on the Indian fossil floras, especially those from the Damuda series, I have 
made no mention of the supposed occurrence of Olossopteris in the coal-bearing strata in Asia 
Minor, nor have I found any mention of it in papers relating to our Damudas or to the 
Australian coal-beds, nor have I found it noticed in general palaeontological works. 

There is, however, a paper by Mr. Schlehan : Versuch einer gcognostischen Beschreihung 
der Gegend zwischen, Amasry and Tyrla-Asy, 1852, where fossils are mentioned from the 
coal-deposits of Amasry. All these plants are genuine carboniferous plants, most of which are 
specially determined : amongst the ferns, Glossopteris is mentioned, but without any specific 
determination. It is indeed to be regretted that the names only are given, and nothing is 
said about the plants, and no figures are given, so that no idea can be formed as to the nature 
of this supposed Glossopteris, The carboniferous plants which Mr. Schlehan mentioned 
from Schunalii and Tyrla-Asy (Amasry district) are the following 

FERNS. 

Cyclopieris orbicularis; Sphenopteris clegans ; Neuropteris gigantea ; Neuropteris 
tenuifolia ; undetermined species of Sphenopteris , Pecopteris , Odontopteris. 

LYCOPODIACE®. 

Lepidodendron aculeatum ; lepid, obovatum ; Lepid , alveolatum ; Lepid. hexagonum 
Ly copod. pinnatus ; Lepidostrobus . 

SIGILLARIE®. 

Sigillaria oculata ; Sigill. alveolata ; S. sulcata ; Stigmaria ficoides . 

EQUISETACE®. 

Catamites SucJcowi ; Calam, vndulatus t Asterophyllites ; VolJcmannia; Spheno- 
phyllum magus ; Sphenophyllum emarginatum ; Annularia fertilis. With all these fossil 
plants of real carboniferous character, undetermined species of Glossopteris are mentioned. 

As nothing has been published since about the collections of Mr. Schlehan, who is an 
Austrian Engineer, I thought it best to go direct to the source, and wrote to Herr 
Hofrath von Hauer, Superintendent of the Austrian Geological Survey in Vienna, to obtain 
some information about the supposed Glossopteris, I wrote on the 31st of July, and on the 
6th of October I received a letter from Hofrath von Hauer, with another letter by 
Mr. Schlehan, in which he explains the case, and which shows that the determination of 
Glossopteris wants confirmation. To settle the question, it may be useful to reproduce 
some passages of Mr. Schlehan s letter to Hofrath von Hauer, and which this latter gen- 
tleman was so very kind to send me. 
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Mr. Schlehan writes (Oberlaibach, 8th of September 1877) : — “ As you perhaps re- 
collect, I had the management of the opening of coal-mines in that region from October 
1812 up to the end of 1843, and had therefore the opportunity of collecting fossils/' 
These fossils, however, arrived in Europe to a great extent very damaged, so that only 
some of them were of any use. Mr. Schlehan writes further : — “ The determination of 
the Fetrcfacta was made in Asia with assistance of Bronn’s ‘Le tinea geognostica * and 
Gbppert’s * Systema filicum fossilium,’ the only two works at my disposal there. The 
paper on Amasry and Tyrla-Asy was ready for publication already in 1844, but it was 
only published later in the German Geological Society through the aid of the long since 
deceased, and so deservedly lamented, Herr Leopold von Buch. If you now will take 
into consideration how many of the Petrefacta in 1842 had different names from at present, 
and how Palaeontology has developed since the date when I went to Asia, it is quite 
possible that what I mentioned as Glossopteris has at present quite a different name." 

Subsequently there are some notes by Mr. F. Fotterle on these coal-bearing rocks on the 
northern coast of Asia Minor* where these rocks between Eregli and Amasry are classed as 
Permian, the following fossils having been asserted to occur : Calam. gigas ; Pecopt. 
Qeinitzi ; Odontopteris obtusiloba , these being Permian species. No Glossopteris is 
mentioned. This classification of Mr. Fotterle may indeed, on account of the fossils 
mentioned, be considered as a correct one ; and it is quite possible that, besides carboniferous, 
Permian is also developed. 

* 

But in his great work, Asie Mincure, 1867, Vol. I, Geologic, Mr. P. de Tchihatcheff 
speaks of these deposits again as carboniferous. The fossils, which he was fortunate to secure 
from between Eregli and Amasry, were submitted to the competent judgment of M. Adolphe 
Brongniart ; and Mr. Tchihatcheff says, p. 709 : ‘Vest un document important qui, pour la 
premiere fois, constate d'une manihre rigoreuse lage des depots liouillers situes entre Eregli et 
Amasry." 

Mr. Adolphe Brongniart determined the following: — 

Sphcnopteris ; Lepidodcndron caudatum , Stbg. ; Lepidodendron, near to Lep.elegans; 
Sigillaria Candollei, Bgt. ; Sic/. Schlotheimi , Bgt. ; Syringodcndron pachyderma, Bgt. ; 
Wtigmaria ficoides, Bgt.; Lepidophloios ; Calami tes Suckowi , Bgt.; Calam . dubius ; 
Sphenophyllum , identical with the European species. 

Adolphe Brongniart stated that this flora agrees most closely with that of the Rhino 
basin ; but no Glossopteris occurred with these plants, which would have certainly been 
recognised by Brongniart, the original describer of the genus. 

Quite recently, however, I observed in the Geological Magazine for July 1877, that a 
paper was read before the Geological Society by Mr. Spratt, entitled: “Remarks on ooal- 
bearing deposits near Erekli, the ancient IIeraclea,"f where, amongst plants of undoubted 
carboniferous type, as Lepidodendron, Lepidostrobus , Catamites, Sphenoptcris , Pecop - 
tens, Sigillaria , Stigmaria and Sphenophyllum , a Glossopteris is mentioned ; but again as 
Glossopteris (?). We shall perhaps learn a little more about the impressions mentioned as 
Glossopteris (/) when this paper is fully published. We may notice, however, that the 
occurrence of Glossopteris in the Jabalpur group is not the highest extension at present 
known of the genus. In their Monograph of the tertiary flora of Novale , X Messrs. Visiani 


* Jahrbnch k.A. Gcol. lleichsanatalt, ix, p. 86, 

f More generally known as Eregli 

JJtfem, d. Acad, di Torino, lid Ser., vol. xvii. 
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and Massalongo have described, amongst the ferns, a Glossopteris, as Glossopt. apocyno- 
phyllum , on p. 206 ; and there is a figure of it on pi. I, fig. 1. There is, supposing 
the figure be correct, hardly any doubt that this form belongs to those ferns with a 
distinct midrib and areolated venation, which in India and Australia are called Glossop- 
teris. It is a strange coincidence that with this Glossopteris of Novale broad-leaved 
species of Tceniopteris were found, with pretty distant dichotomous veins, which are as 
distant as in our Macro tceniop ter is danceoides , Royle : they were described as Tceniopt. affinis 
Mass, ct Vis., and Tceniopt. crassicosta , Mass, et Vis. ; they, however, seem to belong to one 
species, which must be classed with Macrotceniopteris. 

I shall now make some remarks on the affinities of Glossopteris with living forais, based 
mostly on the mode of fructification. In some of the Australian specimens Mr. Carrutbers 
thinks he has observed a fructification along the secondary veins, which reminds strongly 
of Antkrophyum, with which also the areolation agrees; and already Prof. Ettingshausen* 
compared Glossopteris Browniana with Antkrophyum Cayenense, Spr., which is a form 
of that genus with distinct midrib. 

Antliropkyum exhibits, however, with similar shape of the leaves, also forms with 
radiary net* venation, without midrib ; and I have already pointed to this case, to show that, 
perhaps, at least certain forms of Glossopteris could be to Gaugamopteris in the same 
relation as are the forms of Antkrophyum with midribs to those without midrib. 

Amongst our Indian forms of Glossopteris , I think we have two states of fructifica- 
tion. One is that known in the specimens of N agpur, which are the typical forms of Glossopt. 
indiva , Schimp. ; they show a fructification like that in the living genus Folypodium. Another 
form from the Raniganj coal-field I think shows some traces of a marginal fructification, and 
would recall the fructification of the genus Fieri s ; it is the Glossopteris angustifolia , Bgt. 
The fourth form is the tertiary Glossopteris aporynopkyllum , of which no fructification is 
known ; but Ettingsbausen suggests that it belongs to Chrysodium . 

Our knowledge of the living affinities of Glossopteris stands therefore as follows : — 



Living. 


Fossil. 

Order. 

Genus or specicB. 

Observed, 

Glossopteris Browniana, Bgt. 

Polypodiea 

Jnthrophyum CayenenM P 
Spr. 

fen Australia (Carruthers). 

Glossopteris indiea , Schimp. 

Polypodies* 

Polypodium . 

In India (Obs. Brongniart. Bun- 
bury, &e.). 

Glossopteris angustifolia » Bgt. ... 

Pteridea 

Pteris. 

In India (the author). 

Glossopteris apocynophyllum , Mass.... 

AcrostichaceoB ... 

Chrysodium . 

Tertiary, Novale (aut. Ettings* 
haueon). 


There are, of course, many other specimens and forms in which no fructification or any 
other character 'to compare them with living forms has been observed. They can no doubt 
partly be referred, td the above-mentioned forms ; but thore may still be different types. 


Farren dcr JeUtwclt, p. 26, 1867. 
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The Blaini Group and the “ Central Gneiss*' in the Simla Himalayas, 
by Lieut.-Colonel C. A. McMahon. 

I. — The Simla Neighbourhood. • 

On my transfer to Simla from Hissar, the first thing I attempted to do in the way of 
geology, was to trace the outcrop of the Blaini* limestone round Simla ; and I proceed to 
give as briefly as possible the results of my explorations. The Blaini rocks form such an 
important clue to the structure of the region around and beyond Simla, as was pointed out 
in the preliminary sketch of the geology of those hills published by the Geological Survey ,f 
that it may be worth while to record a notice of its position as traced over a large area. 

The most convenient starting-point will, I think, be the Lakri Bazaar, Simla. When 
I arrived at Simla, there was an outcrop visible on the mall, a few yards to the north of 
the Lakri Bazaar, and another below it on the road leading to Elysium. Following the 
mall round the north of Jako towards Mahasu, there is a good outcrop on the road side 
opposite the house called Snowdon, and the Blaini conglomerate is well exposed on the 
opposite or north side of the road. The limestone crops out again just below where the 
road to Mah&su branches off from the mall, and thence striking across the mall comes to 
the surface on a knoll above the house named Holly Oak at an elevation of 7,600 feet. J Still 
proceeding east along the North Jako road, a good outcrop is seen on the road side at the 
extreme north-east of Jako just where a path descends from the mall to the Mahasu road. 
Between this point and the exposure of the rock opposite Snowdon, the conglomerate may 
be seen in numerous places both on the North Jako road and on the Mahasu road below it. 

From the point on the north-east of Jako, above alluded to, the Blaini rocks strike down 
the Tchad in a south-easterly direction and then curve round the flank of Jako, descending 
by a gentle but steady slope. The limestone passes just above the villages of Sanguti 
(elevation 6,929 feet) and Chanan (6,600 feet), the outcrop being almost continuous. Thence 
it winds round the flank of the Chota Chelsea spur above the village of Balab, and onwards 
through Malkana and Kamhali to the east side of the Chota Simla spur. It then rises to 
the crest of the* spur and crops, out along the top of it until it overhangs some slate quarries. 
From this point the hills drop rapidly to the bed of the Ussan, and the Blaini rocks 
*have been removed by the erosion which has carved out the valley of that river. The 
outcrop of these rocks, however, can be traced in a north-westerly direction down to the 
bottom of the ravine between the two spurs into which the Chota Simla spur bifurcates ; 
and from thence in a south-westerly direction up the opposite side of the spur, being well 
seen at Chali, Laret, and Jharet. 

A little distance beyond Jharet, at a temple above Kwalgarh, the Blaini rocks show 
again, and then they are cut off by a fault which runs towards the eastern boundary of 


* I have followed the modern system of spelling adopted by Government within the last three or four years. 
The first vowel sound is hard, as In Blind. 

f Medlicott : Memoirs, Geol, Surv, India, Vol, III, where the following classification is given of the rocks of 
this region 

r Siwalik. 

\ Jiahan. 

Tsbtuit ... < (Kasauli. 

/ Bubathu •< Dagshai. 

V» (.Bubathn (nummulltic). 

Krol. 

Infra-Krol. 

Blaini. 

Infra- Blaini (Simla slates). 

Crystalline schists and gneiss. 

% The top of Jako is 8,0*8 feet. Holly Os k is, according to the Trigonometrical Survey, 7,623 feet. 
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Jatog; and to pick them up again one has to cross the spur and descend into the gorge of 
the Sunal River which runs down from the Combermere Bridge, Simla, over the “ Water- 
Falls” into the Ussan. The Blaini limestone shows first on the west side of this ridge 
under a house called Data, near the hamlet of Darmachi, and thence in a north-westerly 
direction until it cuts across the bed of the Sunal under the village of Kwara. It is here 
seen typically resting directly on the Blaini conglomerate. The outcrop may be followed 
on the right or west side of the Sunal valley as far as Shail, but a little beyond this it is 
again cut off by the fault above alluded to. Following the line of strike from Shail, one 
comes on highly metamorphic schists of the Infra-Krol series, and all trace of the Blaini 
beds is lost. Lower down in the bed of the Sunal the line of fault may be clearly seen, 
the black carbonaceous Infra-Krol rocks, being on the left bank, brought into juxtaposition 
with the clear purple and greenish-grey Simla slates, with little disturbance of dip at the 
line of junction. Higher up the line of fault, the Simla slates have suffered violent 
contortion. 

Descending the Sunal into the Ussan River the Blaini limestone is again picked up on 
the left bank of the Ussan at Kalog Bag.* ^Between Shail and Kalog Bag the intermediate 
rocks belong to Infra-Krol series. From Kaldg Bag there are several exposures of the lime- 
stone in and adjoining the Ussan until a low southerly dip takes it below the bed of that 
river. Further on, a northerly dip sets in and rapidly becomes very high. The rocks are 
nearly vertical in the narrow gorge of the Ussan just below the junction of the Tandalailf 
stream. The Blaini limestone J is not exposed here, but the conglomerate is in great force. 
The conglomerate as seen here deserves, I think, especial study, as an acquaintance with it 
may lead to the identification of the rock at other places. There are several beds of it— 
some Bparsely, others abundantly conglomeratic. The sub-angular or partially rounded 
blocks of slaty grit are absent, but the white quartz “ eggs” are very abundant. Some- 
times conglomerate is very fine-grained, and it probably passes into the Blaini quartzite 
sandstone. This variety of the Blaini conglomerate is at times much flowered over and 
pierced by white quartz-veins, and a person not familiar with the rock might easily bo 
led to suppose that its peculiar appearance is wholly due to metamorphic action. A close 
inspection, however, shows that the rock is a true conglomerate ; rounded pebbles of dark- 
grey or purple quartzite are sometimes freely scattered amongst the white quartz “ eggs,” % 
and the former at times contain one or more thin white veins which do not pass into 
matrix, showing clearly that the metamorphism of the contained pebble was effected before 
it was worn down into its present shape and buried in the matrix. 

Following the line of strike which leads at first along the crest, and afterwards 
along the flank of the spur that runs up from the Ussan River to the peaks above Kyari 
Gh&t,§ the limestone crops out again at Badun. The dip is north-east down into the 
Tundalail, and the limestone is seen twice between Badun and the stream. In the bed of 
the latter there is about 60 feet of it, thin-bedded and nearly vertical. It is here, by local 
contortion, jammed into the dark Infra-Krol slates, and partakes of the colour of the latter. 

Following the line of strike from Badun, the limestone is again seen between that 
village and Basna. Near Basna the black Infra-Krol rocks and Simla slates are seen 
together. Following the line of junction of the two rocks, I passed over the crest of 
the ridge and landed at the exposure of the Blaini limestone on the Simla and Kalka 


* A little west of Tharala of the map. 

t This is the stream marked on the map as flowing down from Dhar, where it has its rise near the Kalka and 
Simla road, past Tnndul of the map. 

t In the slates at no great distance, there is a oalcareous slaty bed. 

S Kyari Uh&t is a DAk Bungalow on the transverse spar a little to the north of Kura of the map. 
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road near Kyari Gh&t (13J miles from Simla). About 100 feet in vertical height, below 
the cart road, the limestone crops out and is exposed for some little distance, and is 
then lost owing either to a sudden twist in the line of strike or a small fault. At no 
great distance, however, to the south-west of this point, it crops ou? again in great 
force in front of Wakna and shows along the path leading to Mamleg* for about half a 
mile, and is seen resting directly on the conglomerate. It then crosses from the south to 
the north side of the spur, and shows almost continuously down to the Cliiama hamlets, where 
conglomerate of the Ussan type is abundant. The strike now becomes north-westerly, and 
the limestone shows abundantly through the several Chiarna hamlets until it is lost in the 
cultivated fields overhanging one of the tributaries of the Ql amber. From this point the 
Blaini rocks strike directly for the south end of the Syri hills, and though the limestone 
does not again crop up until the Gamber is reached, the conglomerate can be easily traced 
under and in immediate contact with the lnfra-Krol slates. On the right bank of the 
Gamber the limestone re-appears, and beds of from 10 to 15 feet in thickness are repeated 
several times by crushing, the lnfra-Krol slates being caught up in the folds. Above the 
limestone aro the black slates of the lnfra-Krol series, and below it the conglomerate in all 
its varieties in great abundance. H 

From the Gamber there is an almost unbroken outcrop of the limestone through Jabal- 
Bakesu and Khairi-Bakesu on to Mamleg. On the ascent up to Mamleg, the limestone gets 
astride on the back of an anticlinal that extends up to the Syri road, and consequently 
spreads out to a great width. At Mamleg and below it the limestone is seen in great pro- 
fusion. The extension of this bed in a south-westerly direction would take it to the Syri 
road above Haripur. On the edge of the Mamleg plateau it is seen overhanging the inter- 
vening valley, and a limestone re-appears on the other side. It crops out near Dochi on the 
Syri road and along the crest of the ridge, and then dips under the numiriulitic rocks, as 
represented hy the pisolilic bottom-rock of the Sabatliu group. I can not, be certain that this 
last described limestone (the Dochi bed) is the Blaini rock, but I think it is. 

The north-westerly outcrop o£ the Blaini limestone may be followed from Mamleg until 
it nearly reaches the Haripur and Syri road. On the road side the conglomerate! (the 
Ussan variety) is seen dipping south-west and north-east. The limestone continues under 
*the road for some distance, until at last it cuts across it close to where a turn in the road 
brings the Syri Bungalow into sight for the first time. From this point (proceeding towards 
Syri) the outcrops on the road side are numerous. The limestone is also seen in cliffs below 
the road, being outcrops along its north-easterly line of dip. The conglomerate of the 
Ussan variety is here very abundant. The limestone forms the crest of the ridge where 
the road shifts for a short distance from the east to the west side of the ridge. It finally 
leaves the road about one mile from the Syri Bungalow, and strikes in a north-westerly 
direction. There is a constant outcrop through B&ma and Barog to Chanog, and thence on 
to Sharar (Surair of the map), where I shall for the present leave it and return to Simla. 

Following the line of strike to the westward from the Lakri Bazaar, the Blaini lime- 
stone is well exposed on the lower roads below the bazaar leading from Waverly to the 
Willows. It there strikes down the hill side and has frequent outcrops until hidden by the 
wood under the Union Church. It re-appears on the spur about 200 feet below Wheat- 
field, and from thence the outcrop is pretty continuous to the Simla and Bajji road, which 
it crosses at an elevation of about 6,500 feet. From this point its course is just under 
Annandale to tho east side of the Yarrows spur, which it crosses at about 600 feet in vertical 
height below that house. It js well exposed again on the west side of this spur, and it 

* Mamleg is a village on the western side of the little transverse ridge to the south-west of Hamalii of the m“P' 
A Uae drawn from Sairi through Haraahi would strike it. 
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crosses the Chadwick Hill spur at an elevation of about 6,250 feet above the sea. Frequent 
outcrops may be seen in its onward course, and it is exposed in the ravine about 120 yards 
below the Chadwick Water-fall. From this point the outcrop is frequent to the crest of the 
spur running n&rth-west from the Chadwick Hill. The conglomerate is well exposed in 
some places in this vicinity. 

The Blaini limestone is next seen not far from the village of Sarhog, then at Khil, and 
next in tho ravine below Panti. Panti is on a spur running north from the extreme 
western point of Jatog. From the Chadwick spur the strike of the Blaini rocks is in the 
direction of the principal town of the Dhami state, and consequently it crosses the range 
of liills running north from Jatog some miles from that station. At Dochi* there is a slight 
outcrop, the dark carbonaceous rocks being above, and the light coloured clay-slates below 
it. Its course is now vid Kansi, Salana, Bakl, Bitmana, Sar, and thence to llallog, the 
capital of the little state of Dhaini. The Blaini rocks cross the ridge about half a mile or 
so to the north of Hallog, and then curving round in a south-westerly direction are exposed 
on the western flank of the ridge. The limestone shows well in fields 100 to 150 yards 
below the village of Ghurrap on the Hallog (Dhami) and Bajji road ; again typically at 
Piroi ; and again on the spur below Piroi to the south-west. The outcrop at the latter place 
is interesting, because not only are blocks of dark slaty blue limestone seen close to masses 
of a dirty pink colour, but variegated blocks may be seen, the two colours being exhibited in 
patches side by side. Between the last outcrop and Pallaini-ka Ghat the Blaini limcstono 
shows in six or seven places. It then cuts across the Dhami and Arki road at a place called 
Roh-ke Khal.t It shows profusely under the road, and thence on to Giatu, and further on at 
Pori, near which village it cuts across the Simla and Arki road. There is no exposure on the 
road side, hut it is seen in the stream (in situ ) under the road near where the latter crosses 
the crest of a ridge running down from the Marang hill. The strike is here south-15°-east, 
and there are several exposures between the last-mentioned outcrop and J amrog, where it also 
shows. Its course is now vid Bandla, Patti-ke Ghat, Ghach (Gach of the map), and Kaliana 
to Sharar (Surair). 

From Sharar a branch makes for the hills above Haut. There is a good exposure 
just above the Koni River near Banjan, about 2 miles above Bil. It shows abundantly 
from this to Chakniat and onwards to Ghat on the Syri and Haut road. Its course is 
now south -20°- west. It forms the crest of a ridge running south from GMt and then 
appears* in cliffs above Cbabal. Tho Blaini limestone shows on a knoll at Shag, and the 
conglomerate on a spur further on. The outer outcrop keeps to the ‘edge of the bills border- 
ing the Dun. It is exposed typically in a stream under Barawari with the conglomerate below 
it to the west ; dip nearly vertical ; strike south -22°-east. An upper outcrop above this 
forms cliffs under Paniali ; caps two knolls above Gori, and forms the crest of the hill 
on which Patta (the residence for many years of the present Raja of Suchet) is built. At 
Patta the dip is nearly flat. The limestone is 27 feet, and the conglomerate on which it 
directly rests is about 40 feet thick. The latter contains oblong boulders 22 and 23J inches 
long, and in this respect exactly resembles an exposure on the North Mall, Simla. The 
conglomerate here is quite typical, but all along this line there is a good deal of the Ussan 
type also. An extension to the east would take us to the limestone on the crest of the 
Syri ridge near Dochi alluded to above. 

I may note in passing that the conglomerate is always below the limestone : apparent 
exceptions may, I think, be readily explained. 


• There are two villages of this name, oue north of Jatog, and one near the Sjrl road, 
t Between Qobog aad.Dhardi of the map. 
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Following the lower outcrop from Barawari the limestone shows at a temple (Bijesar 
Mahadeo), and from thence the outcrop is frequent, and runs vid Thana and Patru to 
Parala* on the Syri road just above Haripur. The dip is here high easterly, nearly per- 
pendicular. The Sabathu Kummulities are caught up in a fold of the Blahii rocks which 
show on either side of them on the Haripur road. The last outcrop of the Blaini limestone 
on this road is about 300 yards north of the Bungalow, and in an excavation on the crest 
of the ridge at this spot I found the conglomerate. 

From this section, and from another between the Blaini River and the Boj range, I 
conclude that in some cases the Infra-Krol rocks were totally denuded before the Nummu- 
litics were laid down. The course of the Blaini rocks to the Blaini River has been already 
described (l. c. p. 31) . 

In the above pages I have simply described the line of outcrop, but I need hardly say 
that I have tested my work by examining the rocks above and below the Blaini group. 
A few general remarks may not be out of place. From the Blaini rocks at the Lakri 
Bazaar, Simla, there is an apparently unbroken succession of the Simla slates to Naldera 
(the ridge above Bassantpur), where the limestone series of the Slmli mountain and the 
Satlej valley begin. The dip is steady, and there is not the slightest trace of an anticlinal. 
From Dhami the rocks under the Blaini are the Simla slates, and they extend down until 
one comes abruptly on the massive limestone of the Satlej valley. From the Blaini rocks 
on the Simla and Arki road, the Simla slates extend down to the limestone series at Arki. 
The dip, very moderate at first, soon becomes high, and near Arki vertical. 

Regarding the inner (*«j?ra-Blaini) area I note that the Krol rocks at Jatog are suc- 
ceeded by the Infra-Krol schists in the downward section, and as the Blaini rocks arc 
neared, the black Infra-Krol slates show prominently whatever direction is taken. Passing 
from Jatog to Simla the extension of the fault alluded to at page 204 brings up the Boileau- 
gunj schists (Krol quartzite altered), but on the top of Prospect Hill (Simla), and on its 
west side, there is a dark carbonaceous limestone which, I think, must be one of the bottom 
beds of the Krol series. 

The Jako rocks are, I believe, Infra-Krol. I think this series is about 3,000 feet 
thick, and that at the Krol and at Jako it either thinned out, or suffered denudation 
Wore the Krol series were deposited. Some sections on the flanks of the Chor suggest 
this view, but to confine myself to the area under description, I would point to themountaint 
between Tara Devi and the hills above Kyari Ghat. The foundations of a ruined fort 
called Man Gh&t exist on the top of it. There are dark carbonaceous slates near the summit, 
and from the top down to the Blaini beds in the Ussan River the rocks belong, I think, 
to the Infra-Krol series. There cannot be less than 3, OCX) feet of them. 

The stratification of this mountain belongs to the normal Simla type, i . e., the dip 
is comparatively flat at the top, whilst the dip into the mountain increases on the flanks. 
In the river beds the normal condition is for the strata to exhibit indications of violent 
crushing ; the beds being usually vortical and contorted. I have rarely struck the Blaini 
limestone in the bed of a river without finding it repeated several times by contortion. I 
am aware that other reasons might be given to account for this normal feature in the 
Simla area, but I think it may best be explained by the supposition that the present outline 
of the hills was to a considerable extent carved out before the last series of disturbances 
took place (as has, indeed, been independently shown, l. c. p. 174). This view would, it seems 
to me, explain the converging dip seen at the Chor, Krol, and elsewhere, as well as the 
extreme crushing in the low valleys. 

’ Between Banalog sad Kisa of the map. 

On the atlas map a dotted line is drawn down this ridge from the cart road past Shongal to the Ussan River. 
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The notion might be best explained by a diagram, but it is quite intelligible in words: 
if a horizontal pressure be set up beneath a deeply eroded surface, any yielding that occurs 
would be determined along the lines of erosion, as positions of least resistance, comparative 
rigidity being maintained elsewhere by the weight of the mountain masses. We should 
thus have extreme contortion in the valleys, extending in diminishing degrees up the flanks 
of the mountain to the summit, where there would be a minimum of effect. This view 
would apply to the “transverse” as well as to the “longitudinal” valleys, for in a yielding mass 
any pressure becomes quaquaversal. The view is, no doubt, opposed to what is often stated 
in geological text-books, even of recent date, as a sort of axiom— that the contortions 
observed in strata must have been produced far beneath the surface ; but it has been long 
since shown, in this very neighbourhood, that the extreme disturbance exhibited in the 
enormously thick Siwalik rocks must have been produced at the immediate surface.* 

I think, then, that the converging dips seen so often in the Simla area, accompanied by 
a rapid increase in the angle of the dip as the valleys are neared, indicate that when the 
last great disturbance, which has left its marks so deeply on the Simla Hills, took place, 
the hill area had been approximately carved out into its present outline. 

II. — JUBAL — TaBOCHE — CHEPAL. 

The best starting-point for our next excursion will, I think, he the top of Kupor peak, 
in which the Giri takes its rise. A path from Jubal to Chepal passes some hundred feet 
below the top of the Kuper, the path rising to an elevation of 10,650 feet above the sea. 
The rocks exposed along the highest part of tlie road are the schists above the “ central 
gneiss.” Along the ascent from Jubal, the dip is about north-east; near the top it is 
north-1 l°-east. On the south side where a spur branches off 1 in the direction of Chepal, 
there is a sudden change in the (lip to south-east-1 l°-east,f and this change brings up the 
central gneiss at an elevation of 9,620 feet. 

I hope to show hereinafter that this is the so-called “central gneiss,” but for the 
present 1 only announce the fact. 

As the slope of the hill side coincides with the dip, the path down to Bamlo (Bomta) 
runs over the gneiss all the way with the exception of two or three comparatively brief 
intermissions where the infra-gneiss ihica-schists crop up. Bomta is at an elevation <JF 
8,000 feet, and the gneiss shows as far as that village. My ijolitical duties required me to 
visit Taroohc (Tirhosli), and the path from Bomta led me in a north-easterly direction down 
to the bed of the stream. On leaving Bomta, the dip rapidly veered round from south- 
ll°-east to north-east, but the change is masked by grass and trees. In the bed of the 
stream I came upon thin-bedded calcareous schists utterly unlike the crystalline rocks I had 
left behind at Bomta. In the light of facts to he subsequently detailed, I do not think I 
shall be wrong in calling these calcareous schists Krol rocks. 

The path up to Taroehe (Tirhosh) soon led me above these rocks (below them strati- 
graphically expressed), and I passed Ihrough mica-schist (answering well to the Infra-Krol 
series) all the way to Tirhosh. After occasional local wavering to the north-north-west 
tlie strata settled down to a low north-1 l°-east dip. The stream below Tirhosh was full of 
the “central gneiss” boulders, showing the presence of that rock on the southern flank of tho 
Kanchu peak. 

From Tirhosh (elevation 6,950 feet) the road to Chepal makes an exceedingly steep 
descent (some 3,000 feet, I should say) to the stream flowing down from the Kanchu peak. 

* Modlicott, 1808 : Quar. Jl. G. 8., London, Vol. XXIV, p. 47. 

f I have not, in any of the bearings I give, made allowance for the variation of the compass. 
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Dip a little to east of nortli-uorth-east. The rocks were at first earth-coloured mica-schists of 
the ordinary Infra-Krol type, and latterly they passed into a dark bluish carbonaceous slaty 
schist with a very dark streak. The road now mounted obliquely the eastern side of the 
spur, running down from the Kanchu peak towards Chep&l : and a good way up it, I came 
on a conglomerate strangely like the typical Blaini rock. Further on near Sartara (not 
marked on map) I came on limestone reminding me of the Blaini rock. Having crossed 
the spur, 1 descended along its western side towards the Simla and Mussurie road, which 
the path I followed struck between Chepdl and Kadi. About two-thirds of the way down 
to the stream, I came on numerous large boulders of undoubted Blaini conglomerate. I 
climbed tho hill in search of the outcrop, and though I could not find the conglomerate in 
situ , I came upon a limestone answering to the Blaini. It is pink and of a pale bluish- 
grey. Like the typical Blaini* it is a magnesian limestone, the pink variety containing 
34*6 and the grey 28*3 per cent, of carbonate of magnesia. 

The next day I searched up the bed of the river for a good exposure of the Blaini 
rocks, and was fortunate in finding one on the east bank of the stream just opposite where 
the descent from Chepal terminates, and the Simla and Mussurie road strikes the west 
bank of the river. I found the conglomerate resting on slates (Simla slates) with a pale 
grey streak. Besting directly on the conglomerate was a blue thin-bedded limestone from 
20 to 30 feet thick ; whilst on the latter rested the black Infra-Krol slates with a black 
stroak. The conglomerate here is remarkable for the partial metamorphism it has under- 
gone. The matrix, more of a schist than a slate, is internally of a light grey colour, but it 
weathers to a dark bluish-grey. The boulders of what would in the Simla section be the 
slaty grit are here a quartzite, of various sizes and shapes, ranging in colour from white 
to pink and to a dark grey. The conglomerate is flowered over with white quartz-veins, 
which occasionally penetrate the contained boulders as well as the matrix. I have noticed 
instances of this in the Simla section. 

From a careful study of the outcrop exposed in the bank of the river, I think it is 
beyond all reasonable doubt that the rocks there seen are the Blaini rocks. The limestone 
and conglomerate seen on the previous day on the eastern side of the spur being in the lino 
of strike with the rocks exposed in the river and on the western side of the spur, must also 
be the Blaini rocks. The limestone crops out on the west bank of the river, and may bo 
traced up to the Simla and Mussurie road. Beyond this I had not time to trace it. I dare 
say it runs a short way up the valley of the river which { vide map) flows down from the 
Chor past tho southern base of the Chepal spur into the Shallu River. 

Before taking leave of this section, let us visit Chugna (Khagna) at the head of one of 
the branches of this river on the south-west side of the Chepal spur. It is at an elevation of 
6,900 feet, and is not less than 3,000 feet in vertical height above the outcrop of the Blaini 
rocks in the Shallu River just described. Serai (Seranf), which is nearly south of Khagna, 
is 7,250 feet above the sea. The dip is flat between the two places, but at Khagna a 
low north dip sets in. On the Serai road, about 2 miles from Khagna, there is a band of 
dark-blue limestone of no great thickness which may be traced a long way towards Serai, 


* I analysed two specimens selected at random from two typical exposures in tho Blaini River with the] follow 


in# results 

No. 1. 


No. 2. 


Silica 

... 8'6 

Silica 

... 8*3 

Iron 

... 5-9 

Iron 

... 

Carbonate of lime 

... 49 9 

Carbonate of lime 

... 49*7 

Bo. of magnesia ... 

... 36*4 

Bo. of magnesia ... 

... 35*8 


100*8 ! 


99*2 


t Seran (silent n) Is a demon who resides somewhere in the Chor. Our Mahomcdau MuushiB always write 
it Serai, and suppose that the word means a resting-place for travellers. 
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and which must, I think, be a Krol rock. Below it (I examined the descending series 
for about 1,500 feet in vertical height) are carbonaceous shaly sohistB and slaty schists which 
become somewhat chloritic. Above the limestone are silicious and garnetiferous mica-schists, 
which possibly belong to the “ central gneiss** or crystalline series ol* rocks, and if so, we have 
here an instance of the extreme unconformity I believe to exist between these two great 
divisions of our rock-series. 

I return now, after this digression, to the Blaini rock left in the Shallu River 3,000 feet 
below. The Blaini beds there dip north-west at a considerable angle and are repeated two 
or three times by contortion. On the ascent up to Chepdl, the dip drops to 15° north- 
ll°-west and north-north-west. At Chepal the dip is north. The rocks on the Chepdl, 
Paternalla (Patandla) and Daha (Dhar) ridges, along which the Mussurie and Simla road 
winds, have been conjeoturally identified (L c . p. 41) as the Infra-Krol and Boilcaugunj 
(Krol quartzite) series. If this view is correct, and I feel sure it is, the Blaini rocks must 
pass under these schists and ought to crop out between Dhar and the Girt. Accordingly 
where the road crosses the Chota Kadi (the stream which flows down from Patandla past 
Gltodna to the Giri), 1 observed numbers of boulders of the Blaini conglomerates in the bed 
of the stream. 

I availed myself of the first opportunity I could get to search the bed of the Chota 
Nadi for the Blaini rocks, and I found that the conglomerate cuts across its bed about 2 
miles above the bridge on the Dhar and Simla road. The conglomerate exactly resembles 
the conglomerate below Chepdl. There are the large pebbles or boulders of the dark 
quartzite answering to the slate-grit of the Simla sections ; and there are the white quartz 
eggs which in this section at times, as in the Ussan River, form a prominent feature of the 
rock. Not far from the conglomerate I found a thin bed of limestone. From this point 
Ihc conglomerate crops out freely, rising gradually from the river, and rounding the spur 
facing Tikera* (Sanj), whence its course is up the left or east side of the valley of the Giri, 
1 met several outcrops of limestone along this section. I left the conglomerate in cliffs high 
up on the east side of the valley, and as it was clear from the run of the strata that it must 
soon strike down to the Giri, I continued my search for it along the bank of that river. 1 
fouud that it cuts across the Giri about 1J miles ou the Sanj, or south, side of Bagain. The 
slates are here perpendicular, and those on both sides of the conglomerate have a black* 
streak which appear to indicate that tbe Blaini rocks have been jammed into the Infra- 
Krol slates. The boulders in the conglomerate are well rounded, and in places are so 
loosened by tlie action of water that it required a careful inspection of the rock to satisfy 
me that I was not looking at river boulders entangled in cracks in the slates ; but after a 
deliberate examination of the rocks, 1 felt satisfied that I had got hold of my old friend. 
Above the conglomerate the rocks are dark slates, till about one-third of a mile beyond 
Bagain, t where mica-schists begin. After this there are mica-schists and silicious schists all 
the way to Kot (Kot KhaiJ). They are an exact counterpart of similar rocks at Simla, 
and clearly belong to the Infra-Krol and Boileaugunj (Krol) series. The average dip is 
east-north -east, sometimes 34°, at other times low. Below the conglomerate the rocks are 
Simla slates all the way along the road to Tikera (Sanj). 

III. — Mahastt, Mattiana, and Shali Hills. 

Our starting-point for this excursion shall be Thiog. The old Mattiana road rises to 
the fort of Thiog (a fort on a peak to the north of the Dak Bungalow), keeps along the 

* There may be a village of this name, but 3anj is the name by which this halting place is known to Natives and 
Europeans. 

t Bagain is on the road somewhere between Shilo and Choal of the map. 

t Kot Khai ta the principal town of the tract of country marked Kot Khai in large letters in the map. it is on 
the upper Giri. 
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crest of the ridge, and then passes to the east of a mountain-top that rises beyond. The 
Hindustan and Tibet road runs at a lower level on the western side of this ridge ; a spur, 
called Kaleri-ki-Dhar, runs nearly due east towards the Giri. On the crest of this Bpur 
the Blaini conglomerate crops out (dip 24° north-east-ll°-uorth). It is the counterpart of 
the outcrop below Chepal. Where first struck, it would require an eye trained to the 
Blaini rocks to identify it, for it is much overgrown with lichen and flowered over with 
quartz-veins. Further along the ridge it is more easily recognised, and the white quartz 
eggs are abundant. Though the matrix is hard, I was able in some cases to extricate the 
rounded boulders of quartzite almost entire. The matrix is of a whitish-grey colour and 
of schistose texture, and, in some blocks, the pebbles and boulders are so abundant that it 
was difficult to get good specimens of the matrix. Here, too, some of the quartzite pebbles 
are traversed by fine quartz-veins that do not extend into the matrix. One large block of 
rock I found with one face smoothed down and polished so as to show beautiful sections of 
the white quartz eggs which were abundant in the slab. This is undoubtedly the Blaini 
conglomerate, and it is in situ . The outcrop coincided with the crest of the ridge for a 
little distance, and then edged away from it down the flank of the spur. The striko of the 
bed would, if followed down the precipitous descent to the Giri, lead to the outcrop on the 
bank of that river already described. 

In the opposite direction the line of strike would lead to the Hindustan and Tibet road 
somewhere near the 20th mile from Simla, but the line passes through a forest and I have 
not noticed any outcrop. Below the conglomerate (viz., in the direction of Thiog) for some 
little distance, the rocks are slates (Simla slates) with a light grey streak. Hip east-north- 
east. Above the conglomerate are the Infra-Ivrol slates. Some of the latter are quite black. 
Following the road towards Mattiana, the Infra-Krol schists dip at first north-east 119°, but 
they subside into a low north-east-1 l°-north dip. These schists lead up to and dip under a 
strong hand of quartzite which begins to show where the road rises to the crest of tiie ridge. 
This can be none other than the Krol quartzite. 

Some distance further on, the Hindustan and Tibet road passes over to the western side 
of the ridge, whilst the old road, still used by pedestrians, keeps to the eastern side. We 
will follow the old road. The rocks exposed arc quartzites and silicious, slaty, and micaceous 
# schists, until about 2| miles from Mattiana, when a bed of bluish-grey limestone, about 
3 feet thick, crops out. Dip east-north -east. As Mattiana is neared, the schists become 
feebly calcareous. A little beyond Mattiana, they pass into calcareous chloritic schists, and 
in the line of cliffs facing, and some two or three miles beyond, the Dak Bungalow, these 
schists become full of iron pyrites, generally in the form of minute cubes. Those calcareous 
chlorite -schists contain from 6 to 14 per cent.* of carbonate of lime. The variety full of 
iron pyrites is a very curious rock. From the partial segregation of the calcite and the 
chlorite it often assumes a highly foliated structure. There are also numerous veins of white 
calcite in it. It weathers a deep brown. It has dawned upon me latterly that these rocks, 
and there is a considerable thickness of them, must be the Krol limestone highly altered . 

But to return to the Blaini rocks. There is a thin bed of limestone on the top of the 
cliffs above Ituni. The point is called Tikka. Elevation 9,280 feet, dip north-east- ll 0 -north. 
The temple (Nag Devi) there is marked Kolu temple on the map. This rock is a 
magnesian limestone* and rests on a bed greatly ‘resembling the matrix of the typical 
Blaini conglomerate. Under it is a quartzite band which forms a line of cliffs. Below 
Tikka there is a village on the map named Bar ana. A little distance to the east of this 
village, I came updb an exten&ive outcrop of conglomerate of the typical Blaini River type- 
Associated with it was a strong quartzite and a dolomite containing 33 8 per cent, of 


* 1 was careful to seleot fair speoimenrfor analysis that would uot show an unduly high percentage. 



PART 4.] 


McMahon : The Simla Himalayas, 


21S 


carbonate of magnesia. Dip east. These rocks seem in the line of strike of the conglo- 
merate at Thiog, and I think they must be the 131aini rocks. I may here mention that 
north-west of Thiog and 1,600 feet in vertical height below the Dak Bungalow, I found a 
block of the Blaini conglomerate of Thiog type (whether in situ or not I cannot say) in the 
bank of the stream close to a thin-bedded limestone dipping north-north-east. In the bed 
and bank of the stream little below this is an intrusion of trap of the Mandi type. 

In the opposite direction from Thiog, viz., near Sanj (Tikeva of the map) there is also 
evidence of the Blaini group. Sanj is as nearly as possible 3,000 feet below the Thiog 
Dak Bungalow. On the crest of the hill overhanging, and a few hundred feet in vertical 
height above Sanj, is limestone. Below the latter are the Simla slates. On the road from 
Sanj to Fagu, as long as the road clings to the flank of the # spur running down from Thiog 
to the Ciri, I saw numerous blocks of the Blaini conglomerate on the hill side, indicating its 
presence somewhere above. Further on, on the next spur, there are numerous outcrops of 
limestone resembling the Blaini. On the ascent up to Fagu, the dip is about north-east. 
These outcrops correspond with the horizon of the outcrop of the conglomerate on the opposite 
or east side of Giri valley. 

Now a word or two about the Sh&li. This great limestone series extends from the 
Shali to the Fiigu and Thiog ridge. On one occasion I followed the line of the Nowlc Gad* 
River from the two Daoti villages up to Thiog, and I found massive limestone cliffs of the 
Tvrol type on both sides of the valley, extending, as far as I could judge, right up to the 
Fagu-Thiog ridge. Along my actual route limestone beds cropped out continually all the 
way up to Thiog. Following the Hindustan and Tibet road from Fagu, these limestones 
crop out over the road about 1 J- miles, from the Fagu Bungalow, and the outcrop is from this 
point pretty continuous for about 2 miles. In one place the limestone forms a cliff on the 
crest of the ridge. It is greatly crumpled, and seems to have been subject to enormous 
lateral pressure. Thin-bedded slaty limestones appear again in the road side-cutting a quarter 
of a mile beyond the Thiog Dak Bungalow, and show well where the old Mattiana road 
branches off. They crop out frequently on the road up to the fort, and that structure is 
built on them. From this poiut they cut down in the direction of the Shali and are seen on 
the sides of the Hindustan and Tibet road a little beyond the 19th milestone. These rocks 
may be seen forming cliffs below on spurs extending towards the Shali. On the eastern side* 
of the Thiog Fort, they crop out for some distance (about a mile) along the ridge running 
down to the Giri and form cliffs under Janti Devi, a temple which crowns a point on this 
spur. I did not encounter them after this on my way down to the Giri. 

Proceeding from the Shali in a direct line to Simla, the limestone extends across the 
Nouti, and crops up for a considerable distance on the spur, up which the road to Mashohraf 
winds, and then they suddenly give place to the Simla slates. I explored the ravine running 
down from Mahasu, between the two Daoti villages to tho Nouti until stopped by impassable 
cliffs. The average dip is 20° to 23° south nearly all the way down. When the Nouti is 
neared there are indications of intense crushing, and then the rocks turn sharp down to a 
northerly dip, and from this point to the Nouti they continue to dip at a high angle. In 
the descending sections at first are the Simla slates ; then corner 80 or 100 feet of pale 
blue or greenish limestone ; under this are dark schistose slates with strings of quartz in them 
(a very common feature in the Infra-Krol schists), and then the black "crush rock.” Thin- 
bedded blue limestones follow ; the dip then gets flat ; there is evidence of great crushing, 
and then the black carbonaceous rock re-appears with white calcite irregular veins in it. This 


* Probably a miBprint for Nouti, tho name by which 1 found the river known on the spot. Gad Beeras to be the 
corruption of Gar, the vernacular word for river, 

t Mashobra is the bazaar on the neck of the spur that run* north-west from the Mab&su spnr to the Satlcj. 
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rock is hero a dense slaty rock almost as black as coal. The section above described strongly 
suggests the idea of a fault. 


This leads to the important question, are the Shali rocks Infra-Blaini or Krol ? It 
might seem at first sight to follow from many of the facts I have recorded that these rocks 
are Infra-Blaini. If the Shali were Infra-Blaini then our sections would run thus — 


Simla 


(Prospect Hill 
I Boileaugunj 
1 Jako 

(.North Jako Road 
Mahasn ... 
Fagu to Thiog 


Thiog to Mattiana 


:} 


Krol. 


... Infra-Krol. 
... Blaini. 

... Simla slates. 


... Shali beds. 


...{ 


Simla Blates. 
Blaini series. 
Int'ra-Krol. 
Krol. 


In such a section the anticlinal would be required in the Shali beds and would be 
drawn from Shali to a point between F&gu and Thiog. There are serious objections, 
however, to the adoption of this interpretation which I am not able to get over. In the 
first place, the axis of the anticlinal must be drawn, if drawn at all, from the Simla 
end of the Mahasu ridge to the top of the Shali : 2ndly , whilst we have a great thickness 
of Simla slates at the Simla end of the section, there does not appear to be a corres- 
ponding thickness at the other or Mattiana end : and 3rdly, we should after all have to 
summon a fault to our aid to get rid of the damaging fact of the presence of the Blaini 
rocks at Sanj and to the north- west of Thiog. 


The alternative interpretation — the adoption of the Sh&li rocks as Krol — necessitates, 
however, the belief in the existence of a fault between the Shali and Mattiana (somewhere near 
Runi); in another between Naldera (the ridge above Basantpur) and Simla; and in a series 
of faults, or a sort of circular fault, in continuation of the N&ldera fault, running round to 
Arki, and probably on to Kakkuhatti ! It is rather appalling to have to adopt such a theory, 
Jbut I do not see my way out of it. 

IV. — Nabeanda — Kotoabh— Rampfb. 

In my last we travelled as far as Mattiana and/or a few miles beyond. From the point 
we then reached to Narkanda and on to Kotgarh, the schists, micaceous and silicious, are 
somewhat undeterminate in character, but looked to me more like the younger series than 
the old. A few hundred feet — 500 or 600 it may be — below Kotgarh, there is a thin band 
of blue limestone which extends for some distance. Under it and down to the stream that 
divides Kotgarh from Kumharsen, the rocks appeared to be the carbonaceous, micaceous 
schists of the Infra-Krol series. The dip at Kotgarh is low and northerly, but wavers 
about from north-north-east to north-west and even more westerly. On the road down to 
Kapu (Kepu) (on the Satlej , due north of Kotgarh), some of the cultivated fields near 
Shawat have that peculiar black soil so often seen in the Simla section in the neighbour- 
hood of the black “ crush rock.” I observed this feature in other places in this direction. 
As the Satlcrj is neared we come first on mica schists and then on the “ central gneiss.” 
At Kapu (elevation 3,125 feet), the dip of the gneiss is 40°-north-ll°-west. 

Following the other roadjrom Kotgarh to the Satlej, viz., that to Nirth, we have first 
slates; then carbonaceous slates; then the gneiss alternating with slates. From Nirth to 
the Nogli, which flows into the Satlej a few miles south of Rampur, we have slates alternat- 
ing withthe gneiss ; sometimes one showing, sometimes the other. Regarding the slates 
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I noted in my journal, when as yet I lmd formed no theory, — “ They are often carbonaceous, 
and closely resemble the slaty schists above the lllaini rocks.” 

From the Nogli to Rampur and beyond, there is an extensive intrusion of trap which 
has tossed the rocks about a good deal. From Rampur to Nirth tin* dip, at first westerly, 
changes to east, then to south, and then back again to west. 

Following the upper road from the Nogli to Navkanda, on rising from the Sutlej, we 
come on white quartzite, then dark carbonaceous slates and schists, and in these, a little 
under Kmnsu, there is a thin bed of Line limestone. It is not crystalline. A little above 
Kuinsu the “central gneiss ” begins. Again on this road, just below the Kiingri Rungalow 
(on the ridge near Shinial of the map), on the northern side of the ridge, a blue Mib-erystal- 
line limestone appears. The outcrop being in cultivated fields, the immediate “allure ” 
could not be made out. Elevation of Sungri, 8,675 feet. 

The facts to be stated further on have an important bearing on the question of tho 
nature of the contact of the Krol with the older crystalline series, but T think it will be more 
convenient to discuss that question now. The view I have formed is that the Krol, Inlra- 
Krol, and Bln ini series were laid down on a denuded surface of the crystalline rocks, and that 
the line of contact has been masked — 

(tf). Rv the subsequent metamorpliism of the younger rocks, at the point of con- 
tact. in the wet wav ; 

(/>)• By the subsequent compression of the two series against each other. 

That the younger rocks often appear to he conformable to and to dip under the older 
rocks J fully admit, but is it possible that this conformity can be real? Are we to believe 
in an inversion extending along a great part of the line of the Himalayas? Or are we to 
believe that the “ central gneiss,” and at least 6,000 feet of mica schists on the top of it, 
are leally younger rocks than the Simla slates? If they are, by what means has the meta- 
morphism of the younger rocks been accomplished ? lleat, the product of press urn from 
above, and heat, the result of plutonic action from below, seem to be put out of court, b^ 
the fact that the lowest rocks which ought to have been the most changed are the least 
altered.* Metamorpliism in the wet way seems to me equally out of the question. Can wc 
suppose that during the vast ages required for the gradual metamorpliism, by the slow wet 
process, of the great thickness of strata we have to deal with, the Simla slates would have 
remained as unchanged as we see them at this day ? 

But may not the observed facts be rationally explained in the way I have suggested ? 
A glance at the map will show — and 1 hope to explain this in detail further on — that the 
dip of the older strata is often low, and at times perfectly fiat. It does not seem to require 
a great demand on our imagination therefore to suppose that the younger rocks were laid 
down upon and against the flat strata of the older rocks ; and if the plane of junction of 
the two series were often more or less steep, would not the subsequent compression of the 
two together lead to the idea of conformity, especially if tho younger rocks at their point of 
junction with the older had been considerably metamorphosed P That the Krol and Infra-Krol 
rocks have, as a matter of fact, undergone extensive metamorphism has been pointed out 
by others {l. e., p. 34) ; and that this metamorpliism has been produced in the wet way is 
indicated by the fact that it is extensive iu the porous top schists and stops short at the 
impervious clay slates. 


* Heat, iho local product of tangential pressure. sucmi* to have been left out of court. H I». 31. 
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V. — Shankan and Hatu Ridges. 

In Section II we got as far as Kotkhai. I will make this our new point of departure. 
The road from Kotkhai (elevation 5,790 feet) passes over the Shankan ridge* at an elevation of 
9,500 feet, and then drops down to Deora (elevation 6,600 feet), the capital of the Jubal state. 
The dip at first north-east changed to east-north-east, and then book again to north-east. The 
angle of dip, generally low, became flat at Deora. About a mile on the Kotkhai side of the 
Shankan ridge, a thin bed of “central” gneiss appears. Between it and Kotkhai, mica- 
schists, and occasionally silicious schists, prevail. I found it impossible to say where the 
Krol (Boileaugunj) schists and the Infra-Krol rocks ended and the crystalline series began. 
As far as outward visible signs went, there seemed no break in the conformity of the two 
series. On the crest of the ridge, I found a very thin bed of slate with a dark streak which 
seemed carbonaceous. I have observed this feature in other places well within the area of 
the crystalline rocks. These outcrops always seemed very thin, lenticular and local, Down 
to near Deora, the rocks are fine-grained mica-schists. One bed above the gneiss seems to 
retain its character all over the crystalline area. It is a fine-grained mica-schist that Splits 
readily into large slabs, and is much used for roofing purposes. One slab I measured — and 
I give it as a fair sample — was one inch thick by 5 feet 8 inches long and 4 feet 2 inches 
wide. Viewed edge-ways, quartz seems to predominate, whilst the flat splitting face presents 
an unbroken surface of mica. On the descent there is a strong dyke of trap, the exact coun- 
terpart of the trap near Bancllah on the flank of the Chor. As Deora is neared we eomo on 
the central gneiss, which is here a bed about 50 or 60 feet thick. It runs right round the 
head of the Deora valley, as indicated on my map. 

The principal characteristic of the “ central” gneiss is that it is always more or less 
porpliyritic. In its lowest form the crystals are small and lenticular. As the metamor- 
phism advances, they become large and eye-shaped: in the next stage, they take the form 
of blunted cubes. The next advance is to assume a perfectly rectangular form. These 
crystals are usually about 1 J inches long, but sometimes (as in the Chor), they attain a length 
of nearly 3 inches. As the metamorphism advances, the axes of the crystals begin to point 
at an angle to the plane of foliation, and the angle gradually increases up to a right angle. 
Finally, they point in all directions, and all trace, or nearly all trace, of foliation is lost. 
When the rock arrives at this stage, all signs of bedding disappear, and the gneiss weathers 
out into large rounded masses after the fashion of true granite, and becomes very dense and 
hard to break. The porphyritic felspar crystals appear to be orthoclase ; twin crystals are 
not uncommon. An intensely black mica is another characteristic of this rock. It is a 
variety, I think, of Biotite. It takes no notice of concentrated sulphuric acid (cold), but 
continued boiling in this acid extracts all the iron of which the colouring matter consists. 
The rock also contains a silvery mica which is usually quite subordinate to the other. 

We will now leave Deora for the present and return to Kotkhai. Our route thence will 
be up to Deori, the capital of the little state of Kanati. From Kotkhai to Deori the dip is 
east-1 l°-north, then north-east, then east-1 l°-north again, in mica-schists and silicious 
schists. On one occasion I went by a direct mountain path from Deori to Deora, I struck 
the “ central” gneiss above, and to the east of Deori, and again just above Deora. The bed 
passes under the mountains from the one point to the other. The outcrop in the Kanati 
(Deori) valley takes the form of cliffs, and can be followed by the eye right round the head 
of the valley. My last trip in this direction was up to the head of the valley, and along 
the ridge which crownsthe valley, to Bagi and on to Nark an da. I struck the gneiss just 
above Than&ri (Tharan, I presume, of the map), at an elevation of 8,300 feet, where it is seen 
extending for miles on either side in the form of cliffs. The outcrop is hero about 100 feet 


* Sbakcmdhar of the map. The road from Kot to Deora i» marked on tho map. 
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thick. There is a second outcrop above it at an elevation of 8,800 feet, which extends (in thick- 
ness) up to 8,940 feet. I cannot say whether the bed extends from the outcrop at 8,300 feet 
up to 8,940 feet, as the intermediate space is well clothed with grass and the numerous blocks 
of gneiss on it may or may not be in situ ; but I think the more probable explanation is that 
the bed has here thickened out to about 640 feet. 

The gneiss was seen striking in the direction of the Bagi road, but my path lay along 
the north side of the ridge at the head of the Kanati valley, at a high elevation, and I had 
to walk for some miles therefore before the gneiss cut across my path. I came on it again at 
an elevation of 9,300 feet (this is the elevation of the path — the crest of the ridge is higher), 
and from this point it formed, for a long distance, the crest and side of the ridge. The gneiss 
is here at times very granitic. My path left the gneiss at an elevation of 9,375 feet. I note 
here that the Hattu gneiss is simply an extension of this bed in the line of dip, which is very 
low. Owing to a bend in the line of strike caused by a change in the dip from east-1 l°-north 
to east-south-east, and finally to south-east-ll°-east, the gneiss ceases to crop out along the 
ridge from this point ; and the underlying mica-schists take its place along the crest of the 
ridge and form the picturesque rugged peak facing you at Bagi. Where the path I fol- 
lowed struck into the road running north from Bagi, the dip is 8° south-cast-ll°-east. An- 
other bend in the direction of the strike brings down the gneiss again a mile or two further 
on. The elevation of the road at the outcrop is 9,300 feet. The mica-schists, just before the 
gneiss appears, owing to local crushing, dip north-east, east-north -east, and even north-west. 
The outciop of the gneiss continues for 1$ or 2 miles, when the mica-schists re-appear, dipping 
east to east-south-east : 4 or 5 miles further on, the gneiss shows again on the road side, 
and continues for some distance, half a mile it may be. 

These two outcrops demand a few words in detail. In the first of the two, on the Bagi 
road, the gneiss has passed into an almost perfect granite of finer grain, and even more 
advanced type than that of the Chor. It is only here and there, especially towards the 
northern side of the outcrop, that signs of foliation can be detected. When I first visited 
this peak, called by the natives Kot (it rises to a considerable elevation above the road, and 
is a very prominent object viewed from Hattu and other places round), I had not seen the out- 
crop described above. Kot looked very much like true granite, and I was at first tempted to 
suppose that its core had been protruded, in a more or less plastic state, through the mica-* 
schists. These rocks were seen dipping easterly on both sides of the granite and fringing the 
granitic core below the road. At the top the granite seemed to overlap the schists. Having 
now visited this mountain throe times, and carefully studied it each time, I am perfectly 
satisfied that it is simply an outcrop of the central gneiss in an advanced stage of metamor- 
phism. Signs of foliation are, here and there, visible, it sends out no intrusive veins* into the 
neighbouring schists, and the latter are not altered at the point of contact with it. It is 
simply a bed of some 500 or 600 feet thick, the dip of which, for some distance, coincides 
with the slope of the hill, and the strike of which, for some distance, coincides with tne 
direction of the ridge. The outcrop, 4 or 5 miles further on, is unmitigated gneiss. I 
have dwelt at some length on this outcrop, because 1 thiuk its right interpretation will help 
us to explain the Chor. 

The ridge running from Hattu past Bagi to Kot must, I think, form the south-east 
slope of an anticlinal which has carried the central gneiss down to the Satlej. Proceeding 
from Kot to Hattu, the dip is south-east-1 l°-east, then south-south-east (probably quite 
local), and on the flank of Hattu east-ll°-south. On the very crest of the ridge rising up 
from Bagi to Hattu, there are rocks dipping north-east- ll°-north to north. From Hattu 
down to Kotgarh the dip is unsteady, but seems to have a general north-easterly direction. 


1 only observed one or two very thin veins in the gneiss. 
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At Kotgnrh the general dip is low northerly, whilst at Kapu, the gneiss dips north-1 1°- west. 
Theso facts seem to indicate an anticlinal bend from the crest of the Hattu-Kot ridge down 
to the Satlej. If this is not the case, there must be a fault, for that the gneiss seen along 
the left bank of the Satlej, between Kapu and the Nogli River, is a continuation of the 
gneiss seen on the crest of the Hattu-Kot ridge, I see no reason to doubt. 

VI. — Sungei— Rampub — Sabhan — Sangla. 

To get over the ground I must now be very brief and bald. From the outcrop of the 
gneiss 4 or 5 miles beyond Kot, there is nothing to record as far as Sungri. The rocks 
are micaceous and silicious schists. Elevation of Sungri 8,675 feet. Dip south-east. The 
Hindustan and Tibet road between this and Sarhan having fallen into decay, the road from 
Sungri plunges down into a very deep ravine, at the bottom of which the gneiss shews itself 
again. True dip about south-east. Beyond l)alog* the gneiss is again reached, and it con- 
tinues for a long war'. It gives place to mica-schists, but at Bali (Bari of the map), elevation 
8,000 feet, the gneiss again crops out. Dip, eliminating local variations, south-east, all the 
way. The “ central ” gneiss continues to show down the descent to the Satlej as far as Kamsu. 
Dip, where road strikes Satlej, south-1 1°- west. From this point there is trap of the Maudi 
type for about 2 miles (the trap shows best in the bed of the river which I crossed and 
recrossed frequently on masmks). Schists resembling the Inira-Krol series show after 
this, and then the trap again. The strong quartz beds are burst asunder and twisted about 
by the trap in a wonderful manner. From Rarnpur (elevation 3,000 feet), the road rises to 
Gaora (8 miles, elevation 6,520 feet). Dip usually flat. Quartz-rock predominates for a 
long wa} r ; there are also micaceous and hornbleudio schists. Near Gaora we have chloiitic 
and talcose schists, and then gneiss, the folise of which are much crumpled. It only shows 
its small porpfcyritic crystals at right angles to the foliation. 

To Sarhan, 11 miles, elevation of road 6,775 feet, the dip is rather low and north-ll°-east 
most of the way, but veering round to north-north-west at Sarlnin; rocks, mica-schists and 
gneiss, liornblendi?, chloritic and talcose schists. Near Sarhan crumpled gneiss. The rocks 
are more than once repeated owing to the windings of the road in and out of the side 

valleys. This is a common feature in the sections exposed along the Satlej valley. 

% 

Sarhan to Tamil da, t 14 miles; elevation of Taianda, 7,2(K) feet. Dipat first north -lo- 
west, afterwards nortii-north-wcst, with an occasional waver to north-west-1 1 “-north. Near 
Taranda there are indications of great disturbance, the dip changes to north-north-west, then 
to west-south -west, then to west, then suddenly to south, with a high dip that soon becomes 
vertical. Then we come on three or four strong bands of hornblende-schists. Four miles 
beyond Sarhan the gneiss passes into a fine-grained whitish granite (only the gneiss altered) 
and then back into gneiss. From this point the “ central” gneiss passes backwards and for- 
wards from a porpliyritic gneiss into a porphvritic and highly granitoid rock. Small dykes 
of the nlbite granite now become more and more frequent. Near Panuda there are beds 
of hornblende-schist turned up perpendicularly with the gneiss, which hard bye dips 37° 
to south-west. After this the dip was uorth-west-ll°-north, north-ll°-west, north-north -west, 
and finally settled down into north. 

From Wangtu, owing to the complication arising from the frequent eruption of the 
granite, the gfieiss ruris into great masses of granitoid texture, and I could not make out 
the di recti ou of the dip for many miles; where the bedding of the gneiss could be discovered, 
it dipped north -west-ll 0 - west, further on, the dip appeared to he north-east- ll°-north. 

* tidier N&oro the map or a village close to Naora. 

f This is, i think, about a mile to the east of Nauaspar of the map, just to oast of Station , 7,3(52 feet. 
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At Wangtu there is a bed of hornblende-schist which, I think, is an igneous rock in 
an advanced stage of metamorphism. It varies from 2 to 40 feet in thickness and 
traverses the granitoid gneiss, the bedding of which at Wangtu is obliterated. Sometimes 
two dykes run a parallel course, at varying distances from each other ; at other times one 
dyke only is visible. It appears to be composed of hornblende and a triclinic felspar, and 
it shows distinct traces of a foliated structure. The manner in which it expands, or con- 
tracts, bifurcates and twists, seems only explicable on the supposition of its intrusion. 

I was fortunate enough not to miss the minerals of the Satlej valley — beryl and 
kyanite : the latter I found in the central gneiss, and the former in a dyke of albite 
granite. What is noticeable about the beryl is that I found crystals piercing a patch of 
mica, a crystal imbedded in the felspar, and another in quartz, showing that it was the 
first crystal to become solid in the melted mass. Another specimen which I unfortunately 
broke was curved, which seems to indicate that the beryl crystals remained plastic for 
some time. 

The trip up the right bank of the Satlej, which will take us to the scene of great granite 
intrusion, 1 leave for the present, and turn up the Baspa valley. I followed the right 
bank of the Satlej as far as Cliagaon, crossing to the left bank below that village, and 
thence on to Kilba, elevation 6,525 feet. From Kilba to Barwa on the Baspa River (elevation 
6,600 feet), dip steady north-east until three-fourths of a mile from the mouth of the Baspa, 
where there is change to 48° east. The gneiss through which I had passed all the way 
from Wangtu is now lost, and thin-bedded quartzite and mica-schists take its place. To 
Sangla (elevation 8,650 feet), the dip, at first east-south-east, afterwards varied to east-ll°- 
north and east-ll°-soutli. The angle, at one time as high as 45°, dropped rather suddenly 
at Sangla to 20°. At Sangla, blocks of the •‘central” gneiss indicate the neighbourhood of 
that rock. One end of the bridge rests on a block of gneiss 47' x 41' x 15'. The fall of 
the bed of tho Baspu is 250 feet per mile. 

VII. — Rupin Pass— Ciiansel Ridge — Pabab Valley. 

From Sangla I ascended to Nuru,* and encamped on the snow at an elevation of 
13,125 feet above the sea. It was at the very end of November. Shortly after leaving 
Sangla, I came on the “central” gneiss. Dip east, and some crushing and contortion near* 
Nuru. From Nuru to top of pass (elevation 15,480 feet, Gerard), dip low to east, then flat all 
the way down to Basuddarf (elevation 11,600 feet). Snow all the way, but rocks well seen 
in cliffs — they are mica-schists passing at times into gncissic beds. The latter, however, is 
not the central gneiss, or anything like it. Basuddar to Jako ; elevation 8,950 feet. Dip 
Hat all tlic way. Rocks mica-schist and silicious schists, getting more and mom silicious as 
Jako is neared. Jako to Knar (PajearlJ of map) ; elevation 7,640 feet. Mica-schists all the 
way. With some local variations, the dip is flat as far as Pandargar (Gar = River). This 
is the Barabati of the map — a name I could not get any one to comprehend. After this the 
average dip is low to uorth-ll°-cast. 

Near Kuar there is a compact weathered limestone with some carbonaceous rocks dis- 
integrating into black earth. From Kuar down to the river (a considerable descent), and up » 
to Dodra (elevation 8.300 feet) on tlio other side, the rocks are mica-schist closely resembling 
those of the Infra-Krol series. There are irregular strings of quartz in these schists 
(as in the Infra-Krol rocks), and the earth resulting from their disintegration fs dark. Dip 

* A halting place under the rocks about three miles ou the north-east side of tho pass. 

t A halting place nearly under the Goras peak, or thereabouts. K 

t Properly Pujiari, so culled becauso thcro is an idol temple there and a Pujari. Kuar is the collective name 
of three or four villages, and is the only name by which the place is known to people at a distance. 
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about west-north-west up to Kala Pani, a halting place in the forest at an elevation 
of 9,176 feet. Pock ordinary mica-schists. Dip moderate to north-north-west. I now crossed 
the Chansel peaks (elevation of pass 12,825 feet), and descended to Larot (Lorot of map), 
elevation 8,480 feet. Mica-schists all the way, gneissic at top of pass. At Larot (8,480 feet) 
the “ central ” gneiss is reached. Its course from this point is in a north-easterly direction 
down to the Fabar River, and then up again on the other side of the valley. 

The elevation of Sangla, as before mentioned, is 8,650 feet. The gneiss cropped out, I 
should say, about 1,500 feet above it (I did not take the actual altitude). The elevation of the 
outcrop at Larot is 8,480 feet. There cannot be a difference in elevation of more than 
2,000 feet between the two outcrops ; and unless there are faults, of which I am ignorant, 
the central gneiss must pass right under the snowy peaks to the south of the Baspa River, 
and there must be fully 6,000 feet of mica-schists above the “central” gneiss. 

Again, if the rocks between Kuar and Dodra are the Infra-Krol rocks, they, like the Jnfra- 
Krol rocks between Kapu and Rampur on the Satlej, closely overlie the gneiss, and rest, aH 
I have suggested, on the denuded surface of the crystalline series. 

From the gneiss in the valley of the Pabar, the dip rapidly flattened, and continued flat 
all the way to Chergao (Chargaon), elevation 6,100 feet. The rocks are somewhat micaceous 
quartzites of a dark-grey neutral tint colour, in which the mica is very subordinate. From 
thence to Roru (elevation 5,250 feet), the dip, at first a very low to north-east, suddenly rose 
to 50° beyond Mandari, and then became perpendicular. The dip fell again rather suddenly to 
35°, which lasted for some distance, and then gradually flattened to a very low nor th -east- 11°- 
north dip. From Mandari the rocks are thin-bedded micaceous silicious schists. In the side 
ravines at Roru are some dark carbonaceous-looking schists brought down from the hills 
above. At Roru the dip is flat, and the thin-bedded mica-schists are often as straight and 
regular as the courses of bricks in a house. On the road to Sungri, with a few local excep- 
tions, the dip is for some distance flat ; afterwards the average dip is 25° east-south-east. 
Mica-schists all the way. 

Proceeding in the opposite direction to Deora (capital of Jubal State), the dip is in 
general flat, though occasionally it is low to north-east and sometimes north. Now and then 
boulders of the “central’* gneiss on the road side attest the presence of that rock in the hills 
^tbove. Mica-schists all the way. I have also been from Roru up to the iron mines at Shiel, 
and thence down to Deora. Under ShieH came on blocks of the “ central ” gneiss, but owing to 
grass and cultivation the gneiss did not crop out in situ ou my actual path. I think there 
is probably a fault between the central gneiss of the upper Pabar valley and the gneiss to 
the west of Roru. 

The gneiss, as previously described, crops out round the head of the Deora valley, and 
shows high up on the Kuper peak. I have also shown how a sudden change in the dip 
brings it out, on the opposite side, on the spur running out from the Kuper. Kanchu range 
in the direction of Chep&l. On the Kuper-Kanchu spur, the outcrop extends from 9,620 feet 
to 8,000 feet. The nearest point on the Chor is Serai (Seran) (elevation 7,250 feet), and the 
outcrop of the granitoid gneiss there is on a level with, or a little above Serai. The distance, 
as the bird flies between the two points, is between 10 and 11 miles. The Chor gneiss answers 
well to the “ central” gneiss in general characteristics. I feel satisfied myself that the granitoid 
gneiss of the Chor is simply an extension of the central gneiss beds I have been tracing out in 
this paper. 

If this be so, does hot this fact strengthen the view that the Krol, Infra-Krol, or Blaini 
rooks, between the qutcrops of fcfye central gneiss on the Chor and the Kuper-Kanchu range, 
rest on the denuded surface of the central gneiss series, and that the Chor and Kuper-Kanchu 
range were mountains standing up(far under the surface perhaps) of the Krol and Blaini seas ? 
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If this view be correct, may we not suppose that the thickness of the Chor gneiss is 
lot as great as it seems to be, but that it is, probably, simply an anticlinal in the gneiss, now 
nasked by the metamorphism which has obliterated all traces of bedding. 

In conclusion, I would venture to express the opinion that the metamorphism of the 
* central ” gneiss is due to plutonic heat. The manner in which, as before described, the 
lirection of the axes of felspar crystals changes, as the metamorphism increases, appears 
:o me to indicate a freedom of motion which the constituent minerals could hardly have 
wssessed unless the rock had been heated to a point approaching fusion. In the Sutlej valley 
he^igns of granitic intrusion into the central gneiss region are abundant, and they are not, 
'■i think, altogether wanting in the Chor. In the bed of the stream below Chaita (on the 
southern flunk of the Chor), there is a huge block of the gneiss 67' X 62' X 37'. It is 
penetrated by granite veins which run at various angles ; the principal one, about d feet wide, 
has caught up a fragment of the porphyritic granitoid gneiss in its passage, and this shows 
in the middle of the vein. This surely is an intrusive vein and not one due to segregation. 

The presence of granite veins in the central gneiss of the Satlej valley and of the Chor 
seems to me to indicate that the central gneiss was at one time well within the action of 
the more deep-seated plutonic forces, and that its metamorphism is due to plutonic heat. If 
so, the Krol, the Infra-Krol, and the Blaini rocks cannot be older than the gneiss, and caunot 
really underlie it, whatever the appearances at certain points may be. 

VIII. — Chini to Jangi. 

My paper has already extended to such length that I must be brief in my remaining 
observations. Following the right bank of the Satlej, from Chagaon past Chini, the rocks all 
the way to Pangi are “ central ” gneiss alternating with schists of the mica-schist series. Near 
Chagaon there is a broad dyke of granite, and the signs of granitic eruption now become 
numerous. At Pangi the “ central” gneiss is much twisted about by the rising granite, which 
high up in the cliffs overhanging Pangi is seen bursting through thin-bedded mica-schists. 
The mica-schists are much darkened by the passage of the granite. 

Between Pangi and Rarang there is profuse granitic intrusion, and the rocks are riddled 
with granite veins in all direction. Beyond Pangi there is a broad dyke of whitish granite, 
and as it is neared the felspar in the gneiss is scattered about in its matrix in a most remark- 
able way. About J of a mile on the Pangi side of Rarang, a dyke, 300 or 40u feet wide, cuts 
clean through the thin-bedded mica-schists up to the crest of the mountain, sending out 
large lateral dykes into the schists. 

A little beyond Rarang the great eruption has taken place, and it extends from this 
point all the way to Jangi (8 miles by road — see the Trigonometrical Survey Sheet No. 65). 
The schists cling, here and there, to the face of the granite, and form subordinate spurs, 
round which the road at times winds ; but the whole core of the mountain, extending from 
Rarang on the south-west sides of the Gongra peaks to Jangi on the north-east side of those 
peaks, is all granite. How far it extends in a north-westerly direction along the Gongra 
range I cannot say, but it evidently does not extend beyond Jangi along the Lipe road, as 
the natives told me the rocks in that direction were all fcatcha (friable). * . 

I was not able to examine the left bank of the Satlej opposite Rarang, which I longed to 
do, but as far as I could judge by the eye, the granitic eruptions seemed to extend to the 
south, and I should not be surprised if the lofty Raldang peaks, which rise to the height of 
21,250 feet and tower over the traveller within 6 miles of the road, were formed in whole, 
or in part, of this oruptive granite. That the great mass of granite between Rarang and 
Jangi is a truly eruptive rock I do not doubt. Between Rarang and Jangi I found numerous 
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blocks of mica-schist caught up by and buried in the granite. They are of all shapes, ajid 
varied in diameter from 2 inches to 2 feet. These blocks are identical in appearance $&d 
composition with the mica-schists through which the granite passes, and cannot, 1 apprehend, 
be due to segregative action. 

IX.— MlCBOSCOPICAI OHABACTEBS OF THE GNEISS. 

In connection with the foregoing field observations, I have prepared many (over 
220) thin slices of rocks for examination under the microscope. Latterly I have turned 
my attention to the central gneiss. Speaking generally, the internal structure of the rock - 
particularly when it passes into a granitoid state — is that which has usually been descrioM 
as characteristic of an igneous rock.* The crystals of felspar and quartz contain within 
them micro-crystals pointing in all directions. Liquid cavities arc often numerous, and they 
frequently contain bubbles that move about restlessly, similar to those described by Sorby and 
other s. f 1 

Sorby has shown in his paper on the microscopic structure of crystals (Vol. XIV, 

Q. J. G. S. f p. 453) that those bubbles havo been formed by the “ contraction of the fluid on 
cooling.” Air and gas bubbles are readily distinguished under the microscope From vacuum 
bubbles. 

I note the presence of these fluid cavities and bubbles, because I wish to draw from this 
fact the inference that the central gneiss has been subjected to the influence of heat. This 
influence may, I think, be drawn from the cavities I have observed in these rocks. These 
cavities appear to have been filled with a mixture of steam or highly heated'watcr, and air 
or gas, and the two substances have separated on cooling. 

That the heat was very great, and reduced the rock to a plastic condition, may be inferred 
from the presence of what Sorby calls glass cavities. In these it is seen that the glass or 
mineral matter formed contraction -bubbles on cooling, similar to those in liquid cavities ; 
only, in the case of glass cavities, the bubbles are never movable, there are often inon/* than 
one of them in the same cavity, and they are not always spheres. Frequently, then, their 
shape conforms to that of the crystal or glass cavity in which they are contained. 

i Sorby remarks of glass and stone cavities : “ Independent of the fact that in all essential 
characters they are ideutical with the crystals in artificial furnace slags, their very nature 
proves the igneous origiivof the minerals containing them. This is especially the case with 
glass cavities, for nothing but igneous fusion could so liquefy the enclosed glass that perfectly 
spherical bubbles could be produced.” 

The presence of cracks in micro-crystals, where the cracks have not extendod into the 
matrix, as occurs in several of my specimens, is also, I think, good evidence of the rock having 
been subjected to great beat. Subsequent to the cracking the pieces have been severed and 
floated to some little distance from each other. This proves that the matrix was in a limpid* 
condition and flowed in between the fractured ends so as to leave no brace of the disturbance. 
All these cracks were, 1 apprehend, caused by unequal tension either on the cooling or 
re-beating of the mineral. In one case the fractured pieces (one of which contains a 
jjubble) appear to have lost the sharpness of their outline by re-heating, whilst two pieces 
have been soldered together. 

* * I dp not'meante imply by this either that the ook e an intrusive one that this structure cannot be 

** The faCt U0U>d mplic ® tliat * from what ever cause, the molecules had perfect 

'■\f, tfow* % uhfOltoateiy, neither time nor means to reproduce the excellent diawimrs uf these object* * 
Colonel B. M. ‘ ? . J f 
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Another curious class of crystals has been observed. At first sight they would seem to 
be illustrations of what Sorby calls stone cavities ; that is to say, one mineral held in solution , 
by another in a state of fusion and deposited on cooling. But as the dark opaque mineral i 0 
sometimes seen uninclosed by crystals and at other times is attached externally to crystals, I # 
conclude that the dark minerals were first formed and the crystals were afterwards formed 
around them, or they wore both floating about in a plastic state in the matrix and the dark 
minerals were absorbed into the white ones. I infer that the dark mineral was in a plastic 
state when the white mineral formed around it, or absorbed it into its own body, from the 
fact that where the dark mineral touches the outer sides of the white crystals, its surface 
generally conforms to the outline of the containing crystal as closely as if it had been deposited 
from a solution within the crystal itself. In one case when one of the dark minerals is seen 
riding astride on the hack of a white crystal, it was observed that it had embraced the 
rounded form of the latter. 

The study of the belonites contained in the felspar of the granitoid gneiss satisfies me 
that the central gneiss in its granitoid form was reduced to a plastic condition. Some of 
these belonites are very long, and occupy, in length, three or four fields of the microscope. 
Examples of belonites fractured and thrown out of their orignial position are not uncommon. 
Some can be distinctly traced to the physical strain of one belonite on another. These are 
not cases of irregularities of growth, but of distinct fracture after the formation of the 
belonites. A very striking instance (a most convincing one when actually seen under the 
microscope) occurs in which one of the fractured pieces is turned nearly at right angles to its 
original direction. The matrix must have been in a perfectly plastic condition to have 
allowed of this movement and to have flowed in round the fractured ends so as to leave no 
trace of the disturbance. I cannot believe that these fractures were simulated at the original 
formation of these crystals. I would as soon hold that the dip and contortion of strata are 
due to peculiarities in the original deposition of the beds. 

The facts detailed in these observations show, I think, that the central gneiss has been 
subjected to great heat, and that where it passed into a granitoid condition, it became perfectly 
plastic. 

In view of these results I think it would require strong evidence to justify the belief that 
the unaltered rocks of the Krol and Infra-Krol series underlie the crystalline rocks of the 
Central Himalayas. 

The glass cavities, belonites, &c., described in these rocks, were seen under a magnifying 
power of 450 diameters. 


Remarks, explanatory and critical, on some statements in Mr. Wynne's paper on 

THE TeRTIARIES OF THE NORTH-WEST PANJAB IN RECORDS, VOL. X, PART 3, BY 

W. Theobald, Geological Survey of India. 

In Mr. Wynne's interesting sketch of the tertiary rocks of the North-West Pai\|$b, , 
there are a few points whereon I should like to make some remarks in correction, as I belSSve, 
of some of the views adopted. 

* * 

Under the head " Erratics " (page 123 l. c.), Mr. Wynne enumerates numerous examples, 
regarding whose origin and character there can be little doubt, save with those who altogether 
decline to recognise the existence of glacial conditions in Northern India during recent times ; 
but, in addition to these, my colleague describes others, which are not only, in my opinion^not 
4 erratics * at all, but belong to diverse geological epochs. 
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The erratics of the North-West Panjab, properly so called, and to which I would restrict 
the term, are composed of the crystalline rocks and slates of various sorts forming the hills 
which stretch away to the north, or of other rocks, such as limestone, greenstone, &c. 
(but not granite), outcrops of which are known to occur in the adjoining region. 
More or less rounded, and not unfrequently sub-angular, blocks of these rocks of all sizes, 
from 1 to 50 or 80 feet in girth, are met with in the Potwar and the country to the north, 
some details respecting which I have given in the same number of the Records (page 140) ; 
but, in addition to these undoubted travelled blocks or ‘ erratics * properly so called, my colleague, 
Mr. Wynne, at page 124, .alludes to “ smaller and less angular erratic blocks of red granite ” 
as being common south of Mi. Tilla and Rotas, and specifies one 7 feet in height and 19 feet 
in girth near the Collector’s bungalow at the Mayo Salt Miues at Kewra. 

Now, I quite agree with the supposition that “ these red crystalline boulders ** are 
derived from the “ cretaceous or olive group of the Eastern Salt Range** though 
not without a caveat as regards the large block at Kewra. This block rests on the salt 
marl, and though it may have been derived from the ‘olive group* by the simple removal, 
by denudation, of the intervening shales and sandstones, it is, in my opinion, equally 
probable that it has weathered out in situ from the boulder bed which in so many 
places covers the ‘purple sandstones’ immediately overlying the salt marl and is itself 
covered by the 4 obolus beds/ Conglomerates, with red granite and purplish porpberies, from 
some unknown source, are found along the Salt Range from palaeozoic times down to recent, 
and the only thing that favors the cretaceous age of the Kewra block is that, from its size, 
it owes its transport not improbably to ice, and the olive series has yielded proofs of glacial 
agency, which the older beds have not done as yet ; but there is no connection between this 
possible ‘ erratic * of cretaceous age and the 1 erratics * of the district, proper. Roth it and the „ 
similar boulders from the olive group are simply weathered out of beds in the neighbourhood, 
out of the outcrop of clays or conglomerates of palaeozoic, mesozoic, kainozoic or recent age, 
and are neither met with in the area wherein the true * eri'alics * abound , nor do the northern 
erratics occur mixed with these within their own (i. e., red granite boulder) area. A sharp 
contrast exists between these red granite boulders and the 4 erratics * of the Punjab, properly 
so called, both geologically, geographically, and physically. 

The difference between my colleague and myself is one more of definition and t rms 
than of fact ; but it is one wdiich I am not inclined to lose sight of. 

Regarding my discovery of an ice-scratched boulder of red granite in the cretaceous 
group, Mr. Wynne’s words require a little explanation: “One such boulder polished and 
striated apparently by glacial action was shown me by Mr. Theobald, who found it in a wall 
near Wahali, on the eastern plateau of the Salt Range, not far from where the conglomerate 
just mentioned is in situ** The fact is that near Wahali the cretaceous boulder clay (much 
resembling the Talchir boulder bed in some respects) constitutes the sub-soil in some fields, and 
the boulders are simply gathered out of the field to clear it, and piled as a low wall along the 
roads, and in such a situation it was (virtually in situ) that my eye was attracted by the glitter 
of the striated surface, wetted by a passing shower. 

An ‘ erratic * this block doubtless was, quoad its original derivation and deposition in the 
o%e * series, but it is not an * erratic * as regards existing conditions, or to he classed on the 
category of Potw&r erratics. 

Equally inapplicable, in my opinion, is the term * erratic* to the red granite blocks 
scattered about Tilla and Rotas. Their original source is, I believe, unknown, though they 
may have jpOBSibly come from the Arvali ranges. Their more proximate origin is from the 
denuded jkmlder days of the cretaceous group in the Salt Range, or from still older beds such 
*a I have already alluded to as covering the paleozoic “ purple sandstone ” of the Salt Range. 
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As regards, however, the so-called red granite erratics scattered over the country south of 
the Tilla ridge and Rot&s, the actual ^immediate source is in the coarse upper Siwalik 
conglomerates which are there exposed, and in which both red granite and nummulitic lime- 
stone pebbles occur, as I have myself* seen both north of the Bunhar River and also between it 
and the Chambal range.* 

Note on the genera Ch(ebomebyx and Rftagatherjum by R. Lydekker, B.A., Geolo- 
gical Survey of India . 

At page 77 of the tenth volume of the Records I noticed a molar tooth which was 
brought from Sind, and which corresponds to the larger of certain specimens of toeth from 
Sylhet figured under the name of Anthracotherium silistrense in the second volume of the 
second series of the “ Transactions of the Geological Society," and which figures are copied 
on plate LXVIII of the “ Fauna Antiqua Sivalensis." 

The teeth so named and figured were subsequently referred by M. Pomel to a new 
genus, viz., Choeromeryx ; he simply says at page 687 of the “ Comptes Rendus ” for 1848, 
Choeromeryx — Anthracotherium silistrense : the assumption here being that all the teeth 
called A. silistrense belonged to Choeromeryx. 

On examining the tooth from Sind for the purpose of figuring it, I observed that it 
did not agree with M. Pomel’s description of the molars of Choeromeryx . The Sind tooth 
has five columns, and is hunodont ; now, M. Pomel, in speaking of Choeromeryx , says : 
“ Molaires superieurcs a quatre mamelons settlement , au lieu de cinq f It is therefore 
clear that the Sind tooth cannot be Choeromeryx. 

On again turning to the figures of the original specimens (F. A. S., plate LXVIII), I find 
tlmt those in the Fauna Antiqua Sivalensis are more clear than the originals, and that they 
show that these teeth really belong to two distinct genera ; the single large tooth (fig. 23) 
being hunodont and having five columns on the crown, and the smaller teeth (fig. 22) being 
selenodont and with only four columns. This dill er once appears to have escaped M. Pomel, 
who followed Pentland in referring all the specimens to one species. 

The Sind tooth agrees with fig. 23, and belongs to the Anthracotheridce ; and seems to 
be nearest to the genus Ithagatherium , to which 1 am inclined to refer it. This specimen 
will be subsequently figured. 

The smaller teeth, which alone belong to Choeromeryx , seem to me to be so close to 
Merycopotamus that I cannot but think they belong to a smaller species of that genus. 

The changing of the genus of the Sind tooth does not of course interfere with the 
inference drawn as to the relation of the Sind and Sylhet deposits. 

To the Sind tooth and of course the similar specimen figured in plate LXVIII, fig. 23, 
I propose to assign the specific name Sindiense, and for the present, at all events, to place 
it in the genus Ithagatherium. 

The specific name Silistrensis will of course apply to the selenodont teeth from Sylhet, 
whether they be subsequently referred to Choeromeryx or Merycopotamus • 

* From a private note from my colleague, Mr. Wynne, I gather that he never found these red granite boulders 
in situ in the conglomerates, whence he not unnaturally treated them as * erratics.* 1 was more fortunate, though not 
till after long and patient search. They are rare in situ when compared with the number scattered about, some 
being nearly 2 feet in diameter east of the Chambal range and south of Noupur (on the Bunhar River) ; but then 
they are very imperishable articles, and those scattered over the surface represent the waste of almost cubic miles vi 
conglomerate ! 

Under these circumstances, therefore, I do not think these red granite boulders ean be termed ‘ erratics ’ unless 
wo fall back on the hypothesis that all of these have been ' erratics ’ during a former and wholly different phase of 
geological life to that which we at present have to describe and deal with. 
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DONATIONS TO THE MUSEUM. 

(July to September 1877.) 

Three flint knives found together with pottery, copper ornaments, and agate beads 
amongst mins of ancient dwelling-places at Sutkagen Dor near Gwadur in Baluchistan. 

E. Mockleb, Major, 

Political Agent , Gwadur , 
(through W. T. Blanford, Esq.) 


ADDITIONS TO THE LIBRARY. 

From 1st July to 30th September 1877. 

Titles of Books. Donors . 

Berohaus, Dr. H. — Karte der Alpen aus Mayr's Alpen— Atlas (1875), fisc., Gotha. 
Bbogger, W. L. — Om Trondhjems stifts Geologi (1875), Svo, Christiania. 

The Author. 

Elliot, Sir IL M. — History of India, Vols. V — VII (1873 — 77), 8vo, London. 

Home Department. 


Harman, F. E. — The agricultural conditiou of Mysore prior to the famine of 18 76-77 (1877), 
8vo, Madras. 


The Author. 


Lyman, B. S. — A report of progress for the first year of the Oil Surveys (1877), 8vo, Tokci. 

The Author. 


Orbigny, A. de. — Paleontologie Fran^aise, Terrains Cr^taces, Echinoides, Vol. VI and Atlas ; 

Terrains Cretans, Braehiopodes et Atlas; Terrains Jurassiques, 
Animaux invertdbrds Echinodermcs, 1st series, livr. 20, 22 — 24, 
and 26 — 28 ; Ditto Brachiopodes, livr. 21, 25, 29 and 37 ; 
Terrains Jurassiques, Veg<5taux, 2nd series, livr. 19 — 23 (1860 
and 1871 to 1877), 8vo, Paris. 

Petermann, Dr. A. — Specialkarte von Australian (1875), fisc., Gotha. 

Fettebsen, Karl.— Geologi ske Undersogelscr (1874), 8vo, Throndhjem. 

The Author. 


Schbauf, Dr. A. — Atlas der Krystall-formcn der Mineralreiches, Lief. I — IV (1865-75), 
4to, Wien. 

Stieler, Adolf. — Hand Atlas (1876), fol., Gotha. 

The Coal-fields of Asia, translated from the German by P. Mosa (1877), 8vo, Simla. 

Department of Revenue, Agriculture, and Commerce. 

Waring, Geo. E. — Draining for profit and draining for health (1867), 8vo, New York. 

Weiss, C. E. — Fossile Flora der jiingsten Steinkohlenformation und des Rotliliegenden im 
Saar-Rhein— Gebiete, heft II, Nos. 1—3 (1871-72) 4to, Bonn. 

White, C. A* — Palaeontological Papers, Nos. 1—5 (1877), 8vo, Washington. 


The Author. 
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PERIODICALS, SERIALS, &c. 


Titles of Boohs, 

Abstracts of the Reports of the Surveys and of other Geographical operations 
1874-76 (1877), 8vo, London. 


Dolors. 
in India for 


India Office. 

American Journal of Science and Arts, 3rd Series, Vol. XIII, Nos. 78-79 (1877), 8vo, New 
Haven. 


The Editob8. 


Annales des Mines, 7th Series, Vol. X, livr. 6 (1877), 8vo, Paris. 

1/ Admins. des Mines. 

Annals and Magazine of Natural History , 4th Scries, Vol. XIX, No. 114; XX, Nos. 116 — 116 
(1877), 8vo, London. 

Archiv fin* Naturgeschichte, Jahrg. XXXIX, heft 6 ; XL, heft 5 (1873-74), 8vo, Berlin. 

Athenmum, Nos. 2590 — 2602 (1877), 4to, London. 

Bibliotheque Universelle et Revue Suisse, New Series, Vol. LVII, No. 227, and LIX, No. 233 
(1876-77), 8vo, Lausanne. 

Chemical News, Vol. XXXV, No. 916 to XXXVI, No. 928, (1877), 4to, London. 

Colliery Guardian, Vol. XXXIII, No. 858 to XXXIV, No. 870 (1877), fob, London. 

Geographical Magazine, Vol. IV, Nos. 6 — 8 (1877), royal 8vo, London. 

Geological Magazine, New Series, Decade IT, Vol. IV, Nos. 6 — 8 (1877), 8vo., London. 

Glasgow University Calendar for 1877-78 (1877), 8vo, Glasgow. 

The University. 

Journal de Conchyliologie, 3rd Series, Vol. XVII, No. 2 (1877), 8vo, Paris. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 5th Series, 
Vol. Ill, Nos. 20-21; Vol. IV, Nos. 22—23 (1877), 8vo, 
London. 

Mineral Statistics of Victoria for the year 1876 (1877), fisc., Melbourne. 

Government Mining Department, Victoria. 

Mining Journal with Supplement, Vol. XLVII, Nos. 2181—2193 (1877), fol., London. 

Nature, Vol. XVI, Nos. 398—410 (1877), 4to, London. 

Neues Jalirbuch fur Mineralogie, Geologie und Palaeontologie, Jalirg. 1877, heft 5-6 (1877), 
8vo, Leipzig. 

Petermann, De. A. — Geographiscbo Mittheilungen, Band XXIII, Nos. 6—8 (1877), 4to, 
Gotha. 

Poggendorff, J. C. — Annalen der Physik und Chemie, Band 160, No. 4, New Series 
Band I, Nos. 1—3 (1877), 8vo, Leipzig. 

Professional Papers on Indian Engineering, 2nd Series, Vol. VI, No. 25 (1877), 8vo, 
Roorkee. 

Thomason College of Civil Engineering. 

Quarterly Journal of Microscopical Science, New Series, No. LXVII (1877), 8vo, London. 

Quarterly Journal of Science, No. LV (1877), 8vo, London. 

Report of the Chief Inspector of Mines to the Hon’ble the Minister of Mines for the year 
1876 (1877), fisc., Melbourne. 

Government Mining Department, Victoria. 

Report on the progress and condition of the Royal Gardens at Kow during 1876 (1877), 8vo, 
London. 


India Office. 


Reports of the Mining Surveyors and Registrars for quarters ending 31st December 1876 
and 31st March 1877 (1877), fisc., Melbourne. 

Government Mining Department, Victoria. 
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GOVERNMENT SELECTIONS, Ac. 

Titles of Books. Donors . 

.India. — Selections from the Records of the Government of India, Foreign Department, 
No. 132. Report on the administration of the Baroda State for 
1875-76 (1876), 8vu, Calcutta. 

Foreign Department. 

„ Selections from the Records of the Government of India, Foreign Department, 
No. 135. Report on the political administration of the terri- 
tories within the Central India Agency for 1875-76 (1877), 8vo, 
Calcutta. 

Ditto. 

„ Trotter, Captain F. — Report on the administration of the Khasia and Jaintia 
Hills for 1876-77 (1877), 8vo, Calcutta. 

Ditto. 

Mysore. — Report on Public Instruction in Mysore for 1875-76 (1876), 8vo, Bangalore. 

Chief Commissioner of Mysore. 


TRANSACTIONS, PROCEEDINGS, Ac., OF SOCIETIES. 


Batavia. — Natuurkundiz Tijdschrift voor Nederlandscli Indie, Vols. XXXIY — XXXVI 
(1874 — 76), 8vo, Batavia, 


The Society. 


Berlin. — Monatsbericht der konig. Preuss. Akademie dor Wissenscliaften zu Berlin, 
September — November 1871, September and October 1875, 
March— May 1877 (1871, 75, and 77), 8vo, Berlin. 

The Academy. 


» 


Zeitsehrift der Deutschen Geologischen 
8vo, Berlin. 


Gesellscliaft, Band XXIX, heft 1 (1877), 
The Society. 


Bombay. — Journal of the Bombay Branch of the Royal Asiatic Society, Vol. VI, 
No. 21 ; VIII, No. 24 ; IX, Nos. 26 and 27 ; X, No. 28 ; and XII, 
No. 34A (1862, 68, 70 and 77), 8vo, Bombay. 

The Society. 

„ Transactions of the Bombay Geographical Society, Vols. V, XVII, and XIX. 
(1840, 65, 71, and 74), 8vo, Bombay. 

The Society. 


Budapest.— Mittheilungen aus dem Jahrbuche der kon. Ungarischen Geologischen Anstalt, 
Band IV, heft 3, and Band V, heft 1 (1876), 8vo, Budapest. 

The Institute. 


Calcutta. — Journal of the Asiatic Society of Bengal, New Series, Vol. XLVI, Part I, 
No. 2, and Part II, No. 2 (1877), 8vo, Calcutta. 

The Society. 
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Proceedings of the Asiatic Society of Bengal, Nos. VI — VIII (1877), 8vo, 
Calcutta. 


Ditto. 


Cta?tH$AaXH.^M4moires de l’Acaddinie Royale de Copenhague, 5th Series, Vol. XI. 
Nos. 3 and 4 (1876), 4to, Copenhagen. 


The Academy. 
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Titles of Books. Donors . 

Copenhagen.— Oversigt over det kotig. danake Videnskabernes Selskabs, No. 2 (1876), 8vo, 
Copenhagen. 

Ditto. 

„ Tyge brakes Meteorologiske Dagbog, 1582—1597 (1876), 8vo, Copenhagen. 

Ditto. 

Dublin.— Proceedings of the Royal Irish Academy, Series II, Yol. II, Nor. 1—3 (1875), 
8vo, Dublin. 

The Academy. * 

„ Transactions of the Royal Irish Academy, Yol. XXV, Nos. 10 — 19 (1875), 4to, 
Dublin. 

Ditto. 

London. — Journal of the Anthropological Institute, Yol. VI, No. 4 (1877), 8vo, London. 

„ Proceedings of the Royal Society of London, Vol. XXVI, Nos. 179 and 180 
(1877), 8vo, London. 

The Society. 

„ Proceedings of the Scientific Meetings of the Zoological Society of London for 
1871 to 1877, Part I (1871—77), 8vo, London. 

Tns Society. 

„ Transactions of the Zoological Society of London, Vol. VIII Parts 1 — 9 ; IX, 
Parts 1 — 11, and X Part 1 (1872 — 77), 4to, London. 

Ditto. 

Manchester. — Transactions of the Manchester Geological Society, Vol. XIV, Nos. 11—13 
(1877), 8vo, Manchester. 

The Society. 

Melbourne.— Geological Survey of Victoria. Report of Progress, No. IV (1877), 8vo, 
Melbourne. 

The Suevey. 

Moscou.— Bulletin de la Societe Impdriale des Naturalistcs de Moscou, Vol. LI, No. 4, 
(1876), 8vo, Moscou. 

* The Society. 

Munchen. — Annalcn der konigliehen Sternwarte bei Miinchen, Band XXI (1876), 8vo, 
Miincken. 

Royal Asteonomical Office. 

„ Lamout, De. J. v. — Meteorologische und Magnetische Beobachtungen der k, 

Sternwarte bei Miinchen, 1876 (1877),* 8vo, Miinchen. 

Ditto. 

Paris. — Bulletin de la Socidtd Geologique de France, 3rd Series, Vol. IV Nos. 9 and 10, 
and Vol. V No. 3 (1876-77), 8vo, Paris. 

The Society. 

Philadelphia. — Journal of the Franklin Institute, 3rd Series, Vol. LXXIII No. 6, and 
Vol. LXXIV Nos. 1 and 2 (1877), 8vo, Philadelphia. 

The Institute, 

„ Proceedings of the Academy of Natural Sciences, Parts I— III (1876), 8vo, 

Philadelphia. 


The Academy. 
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* Titles of Boohs . Donors . 

Rome. — A tti della R. Accademia dei Lincei, 3rd Series, Vol. I, Nos. 6 and 7 (1877), 4to, 
Rome. 


The Academy. 


„ Rollettino R. Comitato Geologico d’ltalia, Nos. 5 and 6 (1877), 8vo, Rome. 

The Geological Commission. 

''Stockholm. — Ofversigt af. kongl. Vetenskaps — Akademiens Forhandlingar, Vol. I (1844) 
to XIII (1856), 8vo, Stockholm. 

Tobonto. — Canadian Journal of Science, Literature and History, New Series, Vol. XV, 
No. 5 (1876), 8vo, Toronto. 

The Institute. 


Washington.— Bulletin of the U. S. Entomological Commission, Nos. 1 and 2 (1877), 8vo, 
Washington. 


U. S. Geol. Subvey. 


United States Geological Survey. Miscellaneous publications No. 1. Lists of 
Elevations west of the Mississippi River, 4th Edition (1877), 
8vo, Washington. 

The Subvey. 


Wellington. — Hectob, James. — Colonial Museum and Geological Survey Department. 

Meteorological Report 1875 (1877), 8vo, Wellington. 

The Authob. 


Yokohama.— Mittheilungen der Deutschen Gesellschaft fur Natur und 
siens, heft XII (1877), fisc., Yokohama. 


Vdlkcrkunde Osta- 
The Society. 


Abeudt, C. — Episoden aus dem Historiscken Roman (1877), flsc., Yokohama. 

The Society. 


Dated 29th October 1877. 
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Note on the tertiary zone and underlying rocks in the nqrth-west Panjab, 
* by A. B. Wynne, F.G.S., Geological Svrvey , Indm. 

The object of these notes is to give some account of the westward continuation of the 
tertiavy band which forms the subject of Mr. Medlicott’s paper on the Jamu Hills, 
(Records, Yol. IX, p. 49), and is also referred to in Mr. Lydekker's paper on the Pir Panjal 
(same volume, p. 155). 

Both of these papers deal with the tertiary rocks about the valley of the river Jhelum 
and to south-eastward of that region, while I propose to consider those forming the Rawal- 
pindi plateau and stretching westward to the Afgh&n Frontier * 


* Besides the two Bpeeial papers mentioned, there are several others, amongst which those included in the 
following condense) list are of more or Ibsb importance, each containing some information about the district t— 


1 . 

Vicary 

Upper Panjab and Peshawar 

Q. JI. Geol. Soc. Lond., Vol. vil., p- 38. 

2. 

Fleming 

Salt Range 

JL As. S. Bong., Vols. xvii— xxii. 

3. 

Theobald 

Ditto 

Ditto do. do,, Vol. xxiii, 1854. 

4. 

Ditto 

Chelonian from Potwar 

Records, Geol. Bur. Jnd., Vol x, pt. 1. 

6. 

Falconer 

Terty. fossils of E- Salt Rang**, Ac. ... 

Jl. As. S. Bong., Vol. xxUi, 1864. 

6. 

Murchison 

Salt Range 

Q. Jl. Geol. Soc. Lond., Vol. ix, p. 89. 

7, 

Verchere and de Vemeiil 

Himalaya and Afghan Mountains ... 

Jl. As. S. Beng., Vols. xxxv and x*x?i. 

8. 

Lyman 

Report on Punjab Oil-lands 

Public Ygprks Dept, ; L^hott, 1870. 

9. 

Waagen 

Carboniferous Ammonites, Salt Range 

Mem. Geol, Su*. Ind., Vol. ix, pt, 2. 

10. 

Ditto 

Murree Hills 

Records, Geol.Sur. Ind., Vol. v, pt. 1. 

11. 

Warth ' 

Salt Range 

Reports, Inld. Revenue, 1869 et »eb. 

32. 

Waagen and Wynne 

Sir Ban Mountain 

Mem. Geol. Sur. Ind.,%ol. ix, pt. 2. 

13. 

Lydekker 

Tertiary Ham malia ... 

Records, ditto ditto, Vol. ix, pts. 3 and 4, 

14. 

Ditto 

New Vertebrata (a) 

Ditto, ditto ditto, Vol. x, pt. 1. , 

16. 

Ditto 

Ditto 

Pal. Indiea, Vols. 1 A 2, Ser. x-3. 

16. 

Wynne 

Upper Panjab (6) 

Q. Jl. Geol. Seta. Lond., Vol. xxx, p. 61. 

17. 

Ditto 

Trans-Indus Salt Region (c) 

Mem. Geol. Sur. Ind., Vol. xi, pt, 2. 

18. 

Ditto 

Mt. Tills, Salt Range 

Records, ditto ditto, Vol. iii, pt. 4. 

19/ Ditto 

Pt. of Upper Psnjab 

Ditto, ditto ditto, Vpl.vi,pt.3. 

20. 

Ditto 

Murree 

Ditto, ditto ditto, Vol. vii, pt. 2. 

21. 

Ditto 

Kharian IJills 

Ditto, ditto ditto, Vol. viB, p. 43. 


(a.) In this paper a specimen of Myliohatit is said to have been sent by me from Kaeh : it is apparently from 
Katwar on the Salt Range, and was, I think, collected by Dr. Waagen. 

(b.) Advantage may be taken of this Opportunity to amend a few passages in this paperby knowledge since 
obtained : p. 62, the Slwaliks being miocene is now doubtful (Mr. Lydekker's .papers, oit.). Table to face p. 63, 
last column .-—the Tag-ling limestone is, according to Dr. Stoliceka, liassio j bat in comparing the Sir Ban section 
with the Himalayan series it is placed as trlassic, p. 64. The P&noh limestone has been since thought carboniferous, 
not Krol, p. 70. The co^jecfaire as to there being hUl-nummuUtic beds near Uri in Kashmir' pas not supported 
by a subsequent observation, p. 74. In the section at Daadli, th4 beds <13 have been found to overlie el (Records, 
Vol. ix, p. 63). 

(e.) Alterations necessary from subsequent information, are mentioned in Mr. MedUactt’e paper on Jam6. , 
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I do not at present intend to pass bejond the subject of the tertiary zone further than 
to indicate briefly the rocks forming its supporting trough ; and my notice of the newer 
formations will require less detail, because the rocks of the Salt Region beyond the Indus 
have been already described by me# as well as those of smaller areas iu other parts of the 
districts while a Memoir on the Geology of the Salt Range is in the press. 

I must refer to Mr. Medlicott’s paper, just now mentioned, for an account of the 
important changes affecting the tertiary zone on its passage from the country in which 
it was first examined by himself towards this district. Following out the geological 
features, he finds nearly every stratigraphical peculiarity of the Simla area vanish to 
the west. Though the upper and lower members of the great tertiary formation continue, 
the close identification of the intervening groups is still somewhat conjectural owing to 
the changes referred to. 

The discovery that the whole zone was subject to such extensive modification as 
the total disappearance of marked unconformities, great boundary faults dying out by 
conversion into axes of contortion, or disappearing amid parallel stratification, was wanted 
to reconcile the earlier observations made in the Simla area with - my own later ones in 
this district. The diversity of structure in the two regions will account for my having found it 
impossible to say which portions of the great conformable series in this part of the Fanjdb 
represented each of the more clearly defined discordant groups of the Simla area ; parti- 
cularly as there is a prevalent general similarity throughout all the upper groups. 

One of the local changes within the tertiary zone which may be analogous to the 
lateral variation affecting the whole formation as it passes westward, is the almost total 
absence of the very lowest beds of the sandstone series (as developed to the north) along 
the southern or Salt Range side of the trough. On the Himalayan side the uppermost 
nummulitic beds pass by alternation into the lowest part of the Murree group. On the 
Salt Range the junction is sharply defined, the parallelism of the stratification being the 
same in both cases. 

Bordering this range there is a band in the sandstone series remarkable for the predomi- 
nance of red clays, which, from its colour and nature, led me to suggest its being representa- 
tive of the lower beds to the north. Below this zone, often close to the limestone, fossil 
exogenous timber is frequently found associated with reptilian remains. Similar petrified 
wood occurs in less quantity at a considerable distance upwards among the Murree beds on 
the northern side of the trough and Trans -Indus ; but the red zone of the north, if present 
towards the Salt Range, is not sufficiently marked to be distinguishable. If this fossil 
wood can be relied upon to fix an horizon, it shows that a large part of the basal sandstone 
and clay series of the north side of the trough had died out in south and south-westerly 
directions. 

In the Journal of the Geological Society of London, f I have discussed one of the most 
peculiar features of the country — the marked abnormal contact which forms the main northern 
boundary of the detrital tertiary rocks : it is not a single continuous fracture, but composed 
sometimes of several contiguous lines of displacement, amounting to more than ordinary 
faulting, inasmuch as it is generally attended by strong inversion of the outer rocks ; and 
whether the ground it traverses be at an elevation of only one or of six thousand feet, 
nearly the same group of the upper nummulitic beds is always exposed along its southern 
side. f On the other side of the lira both nummulitic and Jurassic formations are in 
contact with these ripper beds, which occasionally transgress its limits. 1 


* SwNoatftM'rfhstt 


t See No. 16 of list. 
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From its evident connexion with the Himalayan hills, I have attributed this abnormal 
contact to the out-thrust of the mountain mass on settlement, producing complicated 
inversion or oblique displacement. Although I do not think there is concealed unconformity 
present between the nummulitic groups on each side, I am not prepared to say there is 
absolutely none, nor can I venture to decide at what post-eocene period the dislocation 
took place. 

The sub-division of the upper part of the great tertiary zone to the east has been 
carried out chiefly on the basis of slight lithological differences, or marked physical breaks, 
without collateral aid from the fauna so long known to exist abundantly in the newer 
beds. In this western district, these breaks being absent and fossil bones and teeth occur- 
ring also at lower stages than the usual horizon, the separation of groups has been still 
more tentative. It remains to be seen how far these divisions may be supported by palaeon- 
tology, for the stratigraphical distribution of the fossils has not yet been fixed. 

Amongst the lowest tertiary beds, the greater limestone groups of this district are 
conspicuous. The intervening band between these and the sandstones, &c., has been identi- 
fied as Sabathu (in part), but the upper members of the triple Sirmur group, peculiar 
to the middle Himalayan area, have their nearest equivalent in the “Murree beds,” transi- 
tionally overlying the upper nummulitic rocks here. The higher portion of these Murree 
beds would also seem to occupy the place of the Nahau group, and they pass upwards 
into the Siwalik sub-divisions, continuous with those of the adjoining Jamu country. 

The local characters of each of the four large nummulitic areas of this country present 
themselves strongly : the great limestone covering the Salt Range differs entirely from the 
even more largely developed nummulitic limestone of the outer Himalayan hills, and the 
upper transitional nummulitic group on that side of the basin shows both affinities 
and differences compared with the limestones beyond the Indus. These last are distinguished 
from all the rest by their close association with the great rock-salt deposits of that country 
and its overlying gypsum, a rock, however, frequently occurring in smaller masses among the 
upper nummulitic beds conterminous with the outer Himalayas. 

The question has been raised whether the whole of the great nummulitic limestones of 
this country are not merely equivalents of parts of the Sabathu zone of the Simla and 
Jamu areas.* I have concluded that these massive limestone groups occupy a lower place 
or places in the series than the variously-coloured and mixed calcareous and earthy (Sab&thu} 
deposits, for the following reasons : — These beds of limestone, clay, and sandstone (hero 
recognised as Sabathu) enter and leave the district as a more or less distinct band, external 
to the hill nummulitics, and passing into the overlying sandstone and clay series. These 
mixed beds, as an assemblage, differ from the mass of the limestones on the inner side 
of their boundary-fault or line of abnormal contact. That feature and the disturbed 
condition of the ground prevent the sequence from being seen, but towards the same side of 
the trough, in the Khaire Murut ridge, I have found a section at a place called Chorgali 
clearly showing the whole of the local upper group resting conformably upon the more 
massive and clearer limestone of the older part of the series (see p. 118). Both groups being 
present in the same section, one cannot be the representative of the other.f 


* Messrs. Medlicott and Lydekker’s papers alluded to at commeu cement. 

t Accepting 1 Mr. Wynne’s use of the term “ Sabathu,** any argument in the matter would be needless, for it is 
perfectly evident that the coloured and mixed deposits west of Mnrree to whloh he restricts the word “ Sabathu ” do 
overlie, and cannot represent, his hill limestone. But this name is one of our oldest Indian group-names : for 
many years the name “ Subathu ” has stood to mean the unmmnlltic rocks, of the outer Himalaya; and in its typical 
region, and very well marked through the Jamil hills, there is a bottom baud of clear limestone uuder the coloured 
days, and having, if possible, a higher claim to the name than they have. It has been reasonably suggested 
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The fault or contact-line, by its existence, proves the same thing : if there be displace- 
ment, the groups on each side cannot be exactly identical : if no displacement, there is no 
room for lateral transition ; and if there should be unconformity, the groups must be even more 
distinct. The great limestones overlie, with conformity, actual in the Salt Range and apparent 
in the northern bills, cretaceous and Jurassic rocks, a relation in which the upper nummulitic 
beds are never found ; on the contrary, these are united by intercalation with post-nummulitic 
rocks. 

Notwithstanding, there are places in the other areas in which a certain resemblance 
to the upper nummulitic character is found. The Salt Region beyond the Indus is one of 
these, and at the eastern end of the Salt Range (near some typical “ Murreo beds *’) 
there are a few layers at the top of and above the nummulitic limestone which have an 
“ upper ” aspect. f 

Some of the local distinctions between the four nummulitic areas above mentioned coin- 
cide with marked variety in the facies , the size, or the abundance of their fossils. I am 
unable to state how far specific differences may exist, the collections not having undergone 
palaeontological examination ; but the impression of both vertical and horizontal distribution 
was gathered in the field. If this be the case, the conditions of one province may have 
invaded another, and thus blended the characters of deposits, generally contemporaneous no 
doubt, though perhaps not strictly synchronous one with another. 

All the tertiary rocks under notice are, so far as is known, conformable and consecutive. 
The most distinct demarcations between the different groups occur at the top of the Salt 
Range nummulitic limestone where in contact with the Murree beds ; and, between the upper 
and lower nuinmulitics, by reason of dislocation, at the northern side of the trough. 
Beyon’d the Indus the upper boundary of the limestone is frequently as distinct as in the Salt 
Range, but there are also obscure indications of transition by alternation upwards. All the 
other junctions are more transitional and indefinite. To such an extent is this the case, that 
it is impossible to say exactly where the change took place between the older marine and the 
newer fresh- water conditions. 

Although stratigraphical conformity is obvious throughout the tertiary series, there are 
traces at several horizons of local breaks not otherwise apparent than by the presence of 
derived pebbles belonging to older portions of the same series, in some instances accompanied 
by small fragments of still earlier rocks. It is only at the upper limits of the Salt Range and 
Trans-Indus limestone that these derived nummulitic and other pebbles are coincident with 
the boundaries of any of the sub-divisions ; they are elsewhere not limited to particular 
horizons. 

A sketch map of the country herein referred to is annexed. It is on the same scale 
as that to accompany Mr. Medlicott’s paper, and has the same colouring for the tertiary 
groups, the distinction now suggested of upper and lower nummulitics being also indicated. 
Both maps, joined at the meridian 74 9 , will convey a comprehensive view of the tertiary 
region of the Upper Punjab. 

Physical form of the ground. 

The space referred to in this paper may be spoken of as lying between the Salt Range to 
the south and the outer Himalayan hills to the north, and extending from the river Jhelum 

that this rock specifically represents the “ llill limestone andfhat its greater development to the west may havo 
so taken place, that, partly at the expense of the upper deposits, the two would be in part representative of 
each other in the different regions. But this latter part of the conjecture iB quite independent of the former, which 
scarcely admits of question : If the distinction of an upper and a lower nummulitic zone holds good, as is not 
unlikely* 1$ Will hare to be carried out in the Jamu hills as well as in Hazara.— H. B. M. 
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westward acrdss the Indus to the Kohat frontier. It includes the whole of the Rawalpindi 
plateau, or “ the Potwar,” a name strictly belonging to an eastern portion of the plateau, but 
sometimes used even by natives of the country in a mpre comprehensive sense. 

This ground, having an area of about 7,000 square miles, forms an undulating expanse 
edged by the northern slopes of the Salt Range, and lies about 1,000 feet higher than 
the alluvial plains and desert south of that range. It appears analogous to the Duns 
of the Southern Himalaya, and is in reality one of the most strangely broken tracts I have 
seen, intersected by numberless deep, ramifying ravines called “ hhadera,” the rapid 
extension of which is attested by the isolated remnants of the neighbouring “ maidan ” 
(or plain) included amongst them. The heads of all the streams not in the hills issue 
from such a fretwork ; and along the larger water-courses, though wide flats of auriferous 
sand and quicksand form their lower levels, ordinary alluvial border tracts are rare. 

From this plain or plateau rise a few reefs of bare rock, often only narrow, jagged, 
vertical walls, and one more considerable mural ridge called “ Khaire Mdrut” (over twenty-two 
miles long and reaching to 1,500 feet above the adjacent country) runs west-by-south from 
the neighbourhood of Rawalpindi. 

The Murree hills, twelve to twenty-eight miles distant from the same station in an oppo- 
site direction, culminate in heights of over six, seven, and eight thousand feet, declining in 
successive nearly parallel ridges towards the direction of Jhelum cantonment. They have a 
general south-west north-east trend, which is also that of most of their numerous, some- 
times sinuous, axes of contorted stratification, the folds being most compressed northwards. 
All the ridges are united by a zigzag subordinate backbone, forming the Cols, and rudely 
conforming to the adjacent course of the Jhelum. 

Ridges at their eastern ends parallel with these, then bending more to the west, form high 
mountains immediately north of the Murree hills. Towards the plateau they decline ; and the 
Grand Trunk Road passes through gaps near their western termination at the Margala Pass. 
Beyond these again rise the Hazara hills, and the fine range of Gandgarh partly bordering 
the Upper Indus. 

From the Margala pass two ranges run westward south of Attock ; gaining in eleva- 
tion they unite to form the lofty Affndi hills overhanging Kohat ; then passing south of the 
Peshawar valley they culminate in the Khybur mountains and Sufdd Koh of Afghanistan. 
The most southerly of these, called the Chita Pahar, edges the Rawalpindi plateau on the 
north. 

In the Kohat district the part of the ground under notice presents a series of long 
ridges, closely clustered, running more or less east and west, often crooked and of varying but 
not insignificant height. Viewed from the plateau, they assume the appearance of a con- 
nected range. The valleys between these are for the most part rugged ; but some flat cul- 
tivable patches enhance the sterility of their generally treeless surroundings. A few high 
summits occur near the Indus, and the whole cluster lies between the Afghan hills and the 
Shingarh chains to the south. 

The Salt Range which edges the Rawalpindi plateau southwards and is sinuously 
prolonged Trans-Indus, in both places presents wild and mostly unfertile tracts. Cis-Indus 
it forms a precipitous escarpment overlooking the “Thai’* (or desert) and lower plains. 
Further west, with numerous disturbance^ and dislocations, the northern inclinations of its 
strata rise to steeper angles, and the stronger beds support a mass of tertiary rocks, whose 
deeply serrated outline, Trans-Indus, and the silvery sheen of its bare sandstone summits, 
betray the presence of the upper tertiary series, making the Pushtu name Shingarh as 
suggestive in its half English sound as in its vernacular meaning of “ Grey mountains.’* The 
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northward extension of these rocks, however, in the direction of the dip is interrupted by 
faulting ; most of the lower ground and hills towards Kohat being occupied by older parts 
of the series. 

• 

Drainage . — Crossing this whole tract of tertiary rocks, the Jhelum river is a racing, rapid 
torrent, hemmed in by mountains ; the Indus (or Abba Sin), larger and more powerful, flows 
from among lofty and picturesque ranges, across an expanding and highly cultivated plain, 
till it receives the Lunda or Kabul river at Attock. It then cuts its way through every one 
of three intervening ranges, and lias formed for itself a deep narrow gulch through the rocks 
of the plateau, running swiftly, with occasional rapids, until it reaches and escapes into the 
lower plains at Kalabagh. The minor drainage of the district mainly soeks the Indus, some 
smaller portion reaching the Jhelum. It is everywhere distinguished by its cross-country 
character, preferring, in many cases, to intersect the hilly or mountainous ranges rather than 
to follow the larger depressions of the surface. Even the So&n, the most considerable local 
stream, rises in the hills at Murree, not very far from the Jhelum, yet wanders away west- 
wards to the Indus, by a part of the plateau-land which itself sends affluents to the Jhelum river 
through ridges of the Salt Range. The Hard, too, in the Hazara valley to the north, does not 
take all that drainage to the Indus, for the Dore, which would otherwise form one of its upper 
tributaries, turns aside, crosses through pari of the lofty Gandgarh range, and finds thus a 
shorter way to join the great river at Turbela. The Tiri (Teeree) Towey, another tributary of 
the Indus, from the Kohat district, changes its course from one depression to another, inter- 
secting the ridge between. 

These peculiarities of the drainage tend to show that its course was initiated more directly 
by agencies of elevation than by the results of atmospheric denudation acting, at different 
rates, upon rocks of varying texture. The valleys of the ground are not always those of 
the rivers; both are now valleys of denudation, but the directions of the streams were decided 
by much older contours of the surface than now exist. The rivers have maintained their 
courses, even though the wasting agencies in carving out prominent features have at the same 
time lowered the “ divides/’ in some localities to hardly noticeable undulations. 

The antiquity of the courses of the larger rivers Jhelum, Indus, and Kurram is proved 
by the Himalayan transported detritus, brought to form late tertiary (Siwalik) boulder beds 
and conglomerates, being thickest near their banks.* A later phase in their history is marked 
by the occurrence of the same hard detrital and stream- worn blocks lying upon the adjacent 
mountains at heights of about 2,000 feet above the present bed of the Indus ; f and a still 
later period of the river action is indicated by the same pebbles and boulders interstrati fied 
with the superficial deposits of the country along this river. Such hard boulders now 
form its bed at Attock, and are doubtless still travelling downwards from the Hima- 
layan regions. 

Classification. 

The rocks found in the district may be classified as follows ; — 


Fosi-tbhtuky— 

Unconformity . 


Natural order . 

J Conglomerates, pebble beds, silt and alluvinm. 


« Brown, drab, and reddish elaje, mammalian and reptilian remains. 

Uppxa ****** oce ^ e <Mekker),t l y oft groy aan< j 8 tones, conglomerates, and orange or grey clays. Mammalian 
about 4,000 feet. ( remains, Ac., not abundant. 


* This feature was pointed out for the Mid-Himalayan rivers long since by Mr. Medlicott. 
f Over Kalabagh, and again on the Chita Pahdr (Mountain) near tholr highest elevations abovo Bag and 
Choi. 

% Records, Geo) . Suit. Ind., Vol. IX, p. 87, 
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Lower (red and gbeyP Stwalik — l 
Pliocene (Lydekker), about 10,000 ■{ 
feet. ' 


Murree Bkdb— Upper Miocene (Lydek- J 
ker), 7,600 feet average. j 


f Upper 800 feet 
j average. 

Nummulitic— Eocene I 
to Miocene (Lydek- \ 
ker). 


^Lower 

Trans.-Indus 1,700* 

Salt Range 600 VAverage 1,060 
Himalayan 3,000 J ^ 


Soft grey sand atones and brown or grey clays, slightly harder grey sand- 
stones, many red clays ; mammalian remains, bones, teeth, Ac., locally 
abundant. Ossiferous throughout. 

Harder grey sandstones, with soft zones, red or purple clay. Fossils— 
reptiliau and other bones not numerous, some fossil wood. At Salt 
Range, purple and grey harder sandstones, red and purple clays, a few 
green sandstones (locally) ; reptilian remains, exogenous wood, bones 
scarce, and fragmentary teoth rare. 

Greenish-grey and purple sandstones, grey, olive-brownish, red and vnric- 
gated clays with masses of rock gypsum. Foraminifera, ( nummulites , 
Ac.), Gastropoda, Bivalves, fossil mammalian bones occasionally. Crus- 
taceans rare. 

In Salt Range, Trans-Indus, and part of Chita Pahar. Whitish or 
usually pale limestones, coaly shales, &c., below, lu Koliat district 
are sandy limestones, olive shales, and red clays also, as well as gyp- 
sum and rock salt. Fossils, Foraminifera {Alveoli na locally numerous), 
large Gastropoda , Bivalves, Ecbinoderms, Ac. Northern or hill num- 
niuhtic, grey limestone weathering pale, dark foetid limestones, 
olive shales: Foraminifera. 


Obe.— Series parallel and conformable from the pale limestones upward to top of Siwaliks, The boundaries of 
the groups are transitional and indefinite. 


The downward continuation of the scries, so far as now known, includes the following 
formations : — 


Cretaceous (?)... 

Jurassic 
Triassic 
Carboniferous 
Speckled sandstone 
Magnesian sandstone 
Obelus beds (Silurian) 
Lower or purple sandstones 
GypseouB series ... 


Southern or Salt Range series . 

... Sandstones, conglomeratic clays, shales. 

... Sandstones, limestones, oolite, Ac. 

. ... Limestones, shales, red sandstone and clays. 

. ... Limestone, sandstone, shale. 

, ... Sandstones, clays, conglomerate. 

. ... Dolomite, pseudo-limestone, shale, sandstone. 

... Dark, clunchy, shaly and sandy beds. 

... Purple sandstone, replaced by conglomerate. 

... Searlot marl, gypsum, rock-salt. 


N. B.— The series differs at either end of the range by absence of, or changes in, cortaiu groups. 


Cretaceous 

Jurassic 

Triassic 

Infra-triassic 

Silurian (?) Attock slates (azoic) 

Melainorphic 

Crystalline 


Northern or Himalayan series. 

... Limestones, some rusty and sandy. 

... Limestones, sandstones, black (Splti) shales. 

... Limestones, magnesian m part, shales, sandstones. 

... Silicious and dolomitic breccia, shalos, sandstones. 

... Black and grey slates chiefly, limestones, magnesian in part, trap. 
... Part of the Attock Blates usually slightly altered. 

... Syenite-gneiss, trap rocks, and granitoid rocks. 


JV. JB.— Carboniferous rocks are unknown in the northern Beries of this district, but occur in Kashmir and to the 
east of the Jhclum (see Mr. Lydekkcr’s paper on Pix Panjal). 


In describing the rocks belonging to the different tertiary groups, I shall follow what 
is known or appears to he their chronological order, commencing with the earliest. 


Nummulitic Limestones. 

Hill Nummulitic beds .— Of the four local kinds of nummulitic limestone the oldest 
perhaps is that of the outer Himalayan hil region : its position and general aspect, with its 
less fossiliferous character and the manner of its association with the mixed groups, arc 
points giving sufficient grounds for a strong inference that this is the case. It is, generally 
speaking, dark-coloured, foetid and massive, with nodular or lumpy bands, the whole 
irregularly and locally interstratified with masses of brownish, olive or darker shales. 
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Strong zones of paler grey splintery limestone also occur, and towards what appears to 
be the upper part of the group, the limestone, though still darkish, weathers of a lighter 
bluish-grey colour. Stratification is sometimes most plainly seen, sometimes nearly impos- 
sible to detect, and disturbance, compression and dislocation have loft the succession obscure. 

Those beds overlying the next older rocks are either unfossiliferous or only contain 
black specks that may have been organic, with occasionally minute sections of discoid fora- 
miniferous organisms, having a single tier of cells arranged as a helix ; or else cross-sections 
of another minute form less than semi-circular, with an obtuse angle midway opposite to the 
curved side, subtended by three or four concentric chambers equally divided by a closely sot 
group of radial septa. I have only found this form in the lowest beds, and have not been 
able to get it determined. In the shales much higher up in the group are sometimes 
clumps of very small clustered and branched corals with occasionally numerous little Fora- 
miniferce (similar to the discoid form just mentioned) referred conjecturally by Dr. Waagcn 
to Rotalina. 

Many of the limestones enclose nummulites, whose sections are generally small in size, 
varying from that of the longest to the shortest diameters of grains of rice or wheat. The 
whole assemblage of organisms in these hill-beds is distinguished by scarcity and minuteness 
as compared with the other nummulitic rocks. 

Westward, the darkest-coloured limestones are less common, tho shales thinner and not 
so frequent. Strong grey limestone, weathering lighter, occurs along the Chita range ; still 
the dark shaty variety, with lumpy bands and a few layers crowded with small oysters, 
appears in the more central, northerly, au£ western parts of the range, also in the Nilab Gash 
mountains beyond the Indus. Yellow ferruginous, magnesian-looking bands are occasionally 
present, and there are black alum-shales in one or two places at the base of tho series which 
may be of an older formation. At one place (Choi), apparently much higher in the group, 
is a lenticular pocket of bright coal and coaly shales, amongst the ordinary dark limestones 
and brown shales. Thin carbonaceous shale also occurs locally between these limestones and 
the Jurassic beds at Chamba Peak north of Murree, but are not constant in that position. 

North of Nilab-Gaeh, at Pullosi Pass, grey limestone contains casts of large Lucinidce 
similar to those of the Salt Range ; and near Shaladctta I found, loose, one of the great 
Gastropod casts (Cerithium ?) peculiar to the Salt Range limestone. These indications are, 
however, too slight to establish any close identification of the northern limestone group with 
that to the south. They arc lithologically different accumulations, although they appear to 
be generally contemporaneous as upper and lower parts of the same formation. 

The Khaire Murat ridge is a mass of solid, contorted, grey nummulitic limestone (of 
the same kind as that found in the eastern part of the Chita Pahar opposite), flanked by the 
upper nummulitic group faulted, overthrown and concealed by talus deposits, yot well 
exposed where it forms the western and lower extension of the ridge. The stronger lime- 
stone, and indeed the whole ridge, appears to have had an anticlinal structure greatly modified 
by compression and faulting. At the eastern end in the lower ground are some indications 
of the conformable succession of the newer nummulitic group to the hill limestone, and 
again westward at Chorgali* 1 found the succession and conformity of the two groups dis- 
tinctly displayed. (The section will be noticed when writing of this newer zone.) 

Under the conditions of disturbance and dislocation it is hard to conjecture what may 
be the correct thickness of these hill limestones and shales. An attempted estimate carefully 


* A pass infested by robbers in the Sikh times. 
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taken from one of tho most detailed sections I have got near Murree* shows thicknesses for 
parts of tho formation of over 2,150 and 2,700 feet ; this is, however, but a partial result, 
and the whole may much exceed 3,000 feet. There is a large group of light-coloured evenly 
bedded limestones in the Hazara hills which appears intermediate between the hill nummul- 
ites and the cretaceous rocks. 

Salt Mange Nummulitic Limestone.— In this region the formation is made up almost 
entirely of limestones presenting a greater unity of character and uniformly a much paler 
colour than the northern group. Intervening clay or shales are rare or absent, and where 
any occur, they partake of the light colour of the limestone. Nodular or lumpy beds, made 
up of solid portions surrounded by a softer coating, arc not uncommon ; compact and clierty 
limestones often predominate in tho upper portion. Many of the beds are highly fossiliferous, 
containing numerous imperfect casts of large Gastropods more than 8 inches in height, or 
large Bivalves, and also Echinoderms frequently as large as small melons. One small fossil, 
Ostrea Fleming i, seems exceptionally well preserved. Nummulites are numerous, and 
Alveolince also occur, as well as other For aminif tree. 

In the Eastern Salt Range layers of pale purple and yellowish limestone conglomerate, 
with limestone and flint nodules and pebbles, the matrix charged with small Nummulites , 
have been found to form the very uppermost few beds, conformably overlaid by the sandstone 
and clay series. In the somewhat outlying Diljaba and Bakrala ridge these beds re-appear at 
Goragali, but separated from the limestone by a mass of greenish shales several feet in thick- 
ness, and having much the appearance of the upper nummulitic beds on the north side of the 
tertiary belt. Some red flakey clay or shale is also associated. 

At the base of the Salt Range nummulitic formation dark shales are very commonly 
present, frequently overlying white, sub-conglomeratic, coarse and fine sandstones interstrati- 
iied with pale red sandstone bands and red or lighter grey (rarely gypseous) shales.f The 
dark shales are often coaly or contain a single or divided layer of bright coal averaging three 
feet (the Salt Range coal). Mottled red and white unctuous or lateritic clay occurs as an 
accessory in thin or thicker beds. These lateritic and haematitic layers sometimes occur at 
the very base of the limestone, and sometimes below the coaly shale or among the white 
sandstones. They vary a good deal as to the amount of iron present, are sometimes 
pisolitic (when tho grains are used as shot or bullets) or replaced by white clay, and they are 
sometimes altogether absent. 

The coaly shales are not the very lowest nummulitic layers. At places in the East Salt 
Range, where most carbonaceous, one or two underlying calcareous beds contain nummulitic 
fossils ; and to the west, as in the Bakk ravine (Musakhel), a considerable thickness of 
nummulitic limestone separates them from the lower formations. This variegated and mixed 
hand below tho main limestone has in the eastern rogion a probable thickness in some places 
of more than 200 feet, but parts are often concealed by talus deposits. It is less prominent 

to the west. 

The whole southern nummulitic group frequently shows itself in high cliffs and varies in 
thickness from about 500 feet to nothing, being entirely absent in places at either extremity 
of the range Cis-Indus. 


* The observations for this section were mapped on a scale of 300 feet to an inch and carried along the clear 
cuttings for the new road between Murroe and Abbotabad for over 23 miles. I look upon its information, as far 
ob it goes, as reliable. 

t At one place south of Chcl hill, East Salt Range, a layer in such shales not for below the limestone contains 
narrow, pointed leaves. 
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Upon the evidence of the arenaceous, argillaceous, and rarely gypseous layers below 
this Salt Range limestone,* or the small local development of layers with an upper character 
at top, I can scarcely venture to assert that the whole group is the counterpart of the 
upper nummulitic beds of this district or elsewhere ; still I think there may be sufficient 
reason to suppose that similar conditions recurred at intervals, and that this Salt Range series 
may at least be, generally speaking, newer than the greater part of the northern hill 
nummulitic liniestones.f 

Nummulitic Limestones , <|v., beyond the Indus . — I have so lately described these rocks, 
(in Vol. XI of our Memoirs,) where as yet I am best acquainted with them, that a short 
notice will suffice. The most striking and constant band is one of hard grey and often 
variously tinted pale compact limestone 60 to 100 feet in thickness. This in colour 
and texture? has some resemblance to bands in the Salt Range : it contains Nummulitcs and 
Ah>eolintc. Below it are other grey lumpy and sometimes cherty limestones, with various 
nummulitic fossils; some peculiar to this region, and none possessing the great size of 
some Salt Range forms. 

Underneath these limestones there is a zone of deep red clay, having subordinate 
sandstone and ha*matitic layers ; it varies from 1,600 to 400 feet in thickness, and in places 
contains small fragments of fossil bones. Locally this clay gives place to olive sandstones 
partly conglomeratic ; greenish clays and impure limestones with Alveolinee and NummuU 
ties. This mixed group reaches a thickness of 100 to 350 feet. Below all are the alum 
shales, the massive layers of gypsum, gypseous clays, and the enormous accummulation 
of rock-salt, often distinctly and regularly stratified. In the upper part of the series there 
are appearances of alternation with some of the overlying purplish sandstones, &c., but 
the folding and inversion of the rocks is so intense over the district that appearances cannot 
be always trusted. 

The united thickness of the Trans-Indus nummulitic rocks, including 700 or 800 feet 
for the rock-salt and 300 for the gypsum, is estimated at from 1,600 to 1,700 feet, and may 
be more. 

There are points of resemblance between this series and that of the Salt Range, but also 
many differences. Where the limestones are thick, pale, and fossiliferous, the resemblance is 
strongest ; and junctions between the limestone and overlying sandstones, though often 
locally resembling the sharpness and definition of the same in the Salt Range, have here 
and there more similarity to the transitional nature of the newest beds of the whole 
nummulitic formation. The Trans-Indus nummulitic area has therefore general characters 
intermediate between those of the Salt Range and upper nummulitic groups, and is most 
nearly allied to the last. 

The Upper Nummulitic group of this country, coming from the eastward, appears 
first in the Murree hills, then passes westward, edging the outer Himalayan region, crosses 
the Indus at Bahtar, continues close along the south side of the Nilab Gash mountain, and 
leaves the district as a continuous zone to enter the Jawaki Affridi hills. A spur from these 
hills to Dandi on the Indus has beds upon its flanks w r hich may belong to the group : it 
re-appears, at Kliairo Murut ridge, deeply faulted into the khuds and mountains of the Hazara 
district north of Murree, aud similarly placed in tbe Mirkulan pass south of the Peshawar 
valley. 

* The coaly shales afford uo point of comparison, no similar zone occurring in the upper nummulitics of this 
district, nor any band that could bo safely referred to the same horizon onion* the northern hill limestones. 

t The Bast Salt Range nummulitic group presents n most striking resemblance to the bottom beds of the 
nummulitic series throughout the Jamfi hills.— H. B. 34 
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The rocks consist of greenish drab, grey, red, and deep purple clays or shales, asso- 
ciated with masses of gypsum and alternating with thin lay era of buff, * grey, or bluish 
limestone frequently of lithographic texture, sometimes whitish and marly. Among the 
calcareous beds many are little else than aggregations of Nummulites , Operculime , &c., 
but sometimes their matrix is a dark green or yellowish or reddish sandstone, and sometimes 
greenish clay or shale. Beds entirely composed of small Bivalve casts or of Tar ritcllcc 
occur, but more rarely, and with the former, fragments of small Crustaceans have been once 
observed. The marine fossils are greatly more numerous individually in these upper beds 
than in any other nummulitic rocks of the country. Large mammalian hones or smaller 
fragments have been also found in this group, occasionally with Nummulites attached. 

The group varies as to predominance of any of its ingredients; sometimes limestones 
and sometimes claj r s are most developed below ; and in places there arc but few calcareous 
layers present. Strong zones of yellowish grey sandstone appear in westerly localities, 
while eastwards a great thickness of bluish grey sandstones and purple clays resembling those 
of the overlying series are included. These are without fossils, except fueoidal impressions. 

One remarkable but thin contact layer occurs here and there where the main group of 
limestone beds is overlaid by sandstones. It consists of a nodular and conglomeratic limestone, 
passing into calcareous sandstone, and containing concentric concretions with subangular lumps 
or pebbles of fossiliferous nummulitic limestone. Strings, layers, and groups of Nummulites 
occur also in the paste. Subject to variation as to its conglomeratic aspect, it has been 
found at different places in this northern band, also along the Salt Range and Trans-Indus, 
with one exception always marking the junction between limestone and sandstone stages. 
This exception is where a limestone band made up of small concretions weathering detached 
(otherwise a junction or representative layer)* was found interstratified with Murree beds, 
north of the Duga stream, between Mari and J and. The layer has some importance, tending 
to unite the groups last described with this, if it can be taken to mark an horizon, 
but appears to occur accidentally (like other nummulitic layers among the lower Murree 
beds) in the exceptional ease noticed. 

The character of transition and unity with the overlying Murree beds is marked along 
the place of junction by alternations of rocks which might belong to either group. Sand- 
stones and days like those overlying are common, and limestone layers occur considerably 
removed from any other upper nummulitic rocks. Beyond the Indus such appearances 
are more frequent. Towards the Murree hills, limestone bands, very similar to that of the 
adjoining mountains, are associated with these upper nummulitic rocks : the disturbance is, 
however, so great, that it is not clear whether they are sometimes intercalated or introduced 
by faulting. In some cases, though dislocatod, they appear to belong to this group, in others 
to be separated by faulted portions of it from the remainder of the hill beds. 

Disturbance also obscures any very satisfactory estimate of the thickness of the group. 
From contorted sections in the lower ground this was found to measure more than 1,500 feet. 
Mr. Lyman gives 500 feet for the more calcareous part of Fatahjang, and after deducting 
probable repetitions in the Kuldana section (where the great bulk is made up of beds similar 
to the Murree sandstones, &c.), there would remain, according to that exposure, 6,525 feet. 
The rocks occupy a space more than a mile in width across the strike, including, among the 
furthest from the hill nummulitic beds, a strong zone of limestone of 750 feet, apparently 
displaced. It is difficult to believe iif this great thickness, but I have tried to restore the 
section, so as to unite the strong outer limestone with that of the hills, by means of supposed 


* See Trans-Indus Memoir, pp. 106, 11S, 161. 
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faults, without success or probability ; unless the 750 feet of limestone and some adjacent 
undoubtedly uppfer beds may have once formed part of an anticlinal curve, all trace of which 
is now lost.* Independently of this doubtful section, the group may be taken as including 
from 500 to 1,600 feet of rocks. 

The place of the whole upper beds as newer than the more solid and massive limestones 
occupying a central position in the district, is fixed by the following section found at Chorgali 
(Khaire Mtirut ridge) southwards from Fatahjang: thickness about 400 feet; inclination 
generally high to the north and turning over southwards : — 


Lower, transitional part op 
Murree beds 


Upper Nummulitic 


Lower N ummumtic 


’ Purple, grey, and greenish sandstones and pseudo-conglomeratic concre- 
tionary beds; clays, if present, concealed; rocks locally crushed in 
places. 


/"Hard whitish sandstone, including a mass of nodular limestono. 

Pseudo-con glomoratic, calcareous, concretionary “ junction -layer” with con- 
centric concretions and subanguiar lumps; nummulitic limestouc; 
st rings, layers, and groups of Nummulite * in the paste. 

Lumpy limestono with purple and dark shaly partingB. 

White splintery shales. 

Strong lumpy limestone. 

Mass of pale greenish shale, with two beds of earthy limestone ; whitish 
hard, marly limestono, alternating with a few lumpy layers below ; 
^ conforming to an arch of,— 

( Hard lavender-grey nummulitic limestone of the same kind as forms 
< the nearest part of tho Chita Pabar range and the mass of the 
(. Mfirut ridge. 


The massive gypsum, red clays, and most highly fossiliferous beds are wanting here. 
This, together with the scanty representatives of the group in the few uppermost layers of 
the Salt Range much further southwards, may indicate a gradual disappearance of the zone 
in that direction, or even by lateral transition, it being represented in the upper portion of 
the Salt Range limestones. 

It is in this upper group that the principal petroleum springs of the country (such as 
they are) are situated. The mineral oil does not appear to be confined to any particular 
horizon or even to the group, being found among limestones nearly in the middle of the Chita 
range, in the nummulitic beds beyond the Indus and impregnating the salt in places. It 
occurs just below the junction of the limestone with the overlying sandstones at Jaba in the 
Western Salt Range, and there are traces of it in the sandstones of the Murree group near the 
Murut ridge. Sulphur springs often occur in association with the oil. 

Murree Group . — In this great transition group the passage has probably taken place 
from the nummulitic marine conditions to those of the fresh-water series above. Among its 
very lowest layers, which are inseparable from the underlying group, I found a bed close upon 
the limestone, containing thick, stroDgly ribbed shell-casts of marine aspect (a Cardium ? ), asso- 
ciated with numerous and large crocodilian remains (see Trans-Indus Memoir, pp. 130, 135). 
In detail these rocks include harder sandstones than occur higher in the scries, often of 
pale grey or purplish colour below, and crowded with obscure plant-impressions resembling 
Fucoids associated with Annelidan markings. Such beds are not unfrequeutly ripple-marked. 

A strong purple colour pervades the whole lower portion of the group, which shows an 
endless alternation of red and purple clays, with purple and greyer thick or thin sandstones 
and concretionary earthy or slightly calcareous bands. In upper portions and among southern 
representatives of these Murree beds, pale, soft, grey or greenish sandstone zones are intercal- 
ated with the more usual purplish clays and sandstones. To the southward, also, and more 


* For further details of this section, see Records, Vol, VII, Pt.,2. 
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rarely elsewhere, conglomerate or pebbly beds are found containing rounded fragments of 
nummulitic limestone, sometimes with hard pebbles from still older rocks. These are pretty 
often seen in the ground about the eastern extremity of the Salt Range. 

Other fossils are not numerous in the Murree beds, yet scattered bone fragments, croco- 
dilian teeth, or scutes and pieces o£ exogenous fossil timber may be found near its southern 
base. These remains are locally numerous on Mount Tilla, along the Salt Range and beyond the 
Indus. Bones occur immediately over and partly in the upper surface of the nummulitic 
limestone at a pass on the road toKohatfrom Kushalgarh near Gurgurlot mountain ; again in 
the lowest sandstones at the northern end of the Chichali pass in the Shin Garli mountains ; 
occasionally in the neighbourhood of Fatahjang, and rarely at the foot of the Murree hills. 
In many cases they arc too fragmentary for identification ; some large specimens, however, 
of mammalian hones appear among these rocks on the Bakrala ridge near Domdli. In the 
same range, over Bakrala pass, and also near Zyarut, west from Jand towards the Indus, 
1 found fragments of the teeth of Mastodon; but the best fossils of the group are those recorded 
by Mr. Lydokker (Records, Vol. IX, pt. 3, & Pal. Ind. cit.) from Kushalgarh, found at 
some now unknown locality, and including Mastodon , Dinotherium, Listriodon , Rhinoceros , 
Antoletherium , Sus, and Amphicyon * 

Intense disturbance, and along its northern limits inversion, greatly obscure the thickness 
of this group, which must be nevertheless very large. The whole of the nearer hills south of 
Murree and the Murree ridge itself are formed of its beds; one steeply inverted portion at 
that station some 2,600 feet in thickness forming but a small portion of the ridge. In the 
lower ground there are appearances of nearly vertical beds for miles across the strike, but 
these arc most probably produced by compressed folds, the upper parts of which have been 
denuded, for in the general strike towards the Indus the rocks are seen to be closely contorted. 
The beds occupy a width of from ten to sixteen miles across the northern side of this district ; 
beyond the Indus they appear thinner, yet still form a prominent purplish belt round each of 
the disturbed nummulitic anticlinals of that country, and along the Salt Range they have 
certainly lost thickness as well as much of their characteristic aspect. On the whole, 6,000 to 
8,000 feet may not be too largo an estimate for the group. 

The newer tertiary rocks being all transitional, it is as difficult to fix a definite upper 
boundary for these Murree beds as to separate them from the rocks below, yet the brighter 
colours of the clays and sandstones upwards are sufficient to indicate some difference and an 
approach to the newer groups. The marine nummulitic conditions were no longer present, 
and there is no certain trace of the land surface on which the timber grew which is found 
fossilised in these Murree rockH, for all the specimens appear to have drifted from other 
places to where they are now found : the presence of mammalian hones and crocodilian 
remains are, however, indication that land was not far distant. 

Lower SiwaliL— The rocks succeeding the Murree group in conformable sequence, where 
not faulted against it, are clearer and brighter grey sandstones and red clays, the uppermost 
parts of the clay bands having frequently grey or rusty tints. For want of a distinctive name 
which should not imply an identity not proved, I called these the “ red and grey group,” but 
they have since been traced into continuity with the lower and most fossiliferous portion of 
the Siwalik beds of the Jarnu country : there is, therefore, no longer any doubt of their position 
in the series. 

The passage is so gradual from the«Iower (Murree) group that the predominance of red 
over purple in the clays or a cleaner grey colour of the now softer sandstones afford but 

* These have been noticed by Falconer and others as Attock fossils. The association of the name of that 
distant locality, where older azoic rocks only are found, is very inappropriate. 
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faint indications of a somewhat indefinite individuality. Finely concretionary pseudo-conglo- 
meratic layers very similar to others in the group below are common, and conglomerate bands 
with derived pebbles from the underlying limestone and Murree groups, as well as quartzite, 
crystalline, or trappoid pebbles, are again met with. Fossil bones become locally more 
numerous, the upper part of this sub-division having furnished the larger number and 
most of the remarkable Siwalik forms found by Mr. Theobald in this district. 

The Siwalik fauna has been long well known ; still, as some of the forms from this 
region are new or otherwise interesting, I extract, from such published sources as are avail- 
able, a short list of the names of fossils found in the district, with references to the sources 
of the information. 

Major Yicary discovered bones and an JElephas or Mastodon tusk in the Lower 
Siwalik beds now traversed by the Trunk Road south of Rawalpindi (1 of List, au. cit.). 

Determined by Dr. Falconer, from near “ Jal&lpur and Lehri,” 1854 (5 of List, au. cit.):- - 


Blephas, probably E. hysudricus. 

Mastodon, species indeterminable. 
Hippopotamus, resembling Tetraprotodon. 
Bhinocerot ; molars in fragments. 

Equus, 2 species upper and lower molars. 
Su8, upper jaw. 

Sivatheritim, lower jaw fragment with tooth. 


Bob, upper and lower molars. 

Cervus and Antelope , several species. 

Catnelus, portion of molar. 

Avbs, GraUce, fragment of leg-bone. 

Crocodilue and Leptorhynchue ( Qavialts ), vertebra 
jaws, teeth. 

Trionyx , carapace and vertebra; fragments. 

Fish, a vertebra. 


Determined by Mr. Lydekker from the Kharean hills, south-east corner of map. 
1874 (No. 21 of List, au. cit.) : — 


Bquua Sivalensis. 
Equue. 

Bob. 


Cervus. E. insignis (?) Ganesa (?) 

Elephae hyeudricue . Crocodilue. 


Recorded by Mr. Lydekker from the 
Ind. — see List) : — 

Tetraconodon magnum , Falc. 

An ear-bone of a Cetacean. 

Lietriodon and Aeerotherium. 

Bob, 4 new Bpecies. 

Rhinoceros. 

Zutra. 

Hydaepidotkerium megacephalum, n. g. 


listrict, Asnot, &c., 1876 (Rec., IX, 3, 4, Pal, 


Dorcatherium. 
Camelopardalis Sivalensis. 
Merycopotamu e Sivalensis. 
Ursitaxus Sivalensis. 
Ryoena Sivalensis. 

Belts. 

XJrsuB. 


Determined by Mr. Theobald from south-west of Jand : Bellia Sivalensis , n. sp. 1877 
(4 of List, au. cit.) 

Besides these, many specimens await examination, amongst them the compressed shells 
of a fresh-water Mollusc ( Unio ) which I found in numbers at one locality (Saloi, south -bv - 
^east from Kahuta) in the upper portion of the group associated with crocodilian scutes, dec.* 

Among the upper beds, but not with sufficient persistence to be everywhere distinguish- 
able, is a thick zone of grey sandstones with few clay layers, generally of light drab or grey 
colour, and weathering so as to show elongated cores of harder nature than the rest. This 
has been called by Dr. Waagen and myself '*th%Dang6t sandstone,” from the lofty cliff 
of that name on the Indus near EAlabagh, in which it is conspicuous. There and in other 


* Unio shells were also found many years ago by Mr. Theobald near Mount Tilla, at a spot which he has been 
unable to re-disco ver. 
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places it appears as nearly the highest band of the group underlaid by soft grey sandstones 
and brown or bright orange clays, but further to the east similar rocks to these overlie it. 
This sandstone usually contains scattered pebbles, or strings of pebbles, of quartzite, &c. ; 
and where the overlying orange and grey rocks do not interrupt, it passes upwards by 
increase of the pebbles into the conglomerates of the highest tertiary group. Sections of 
2,000 feet entirely formed of it have been met with. Mammalian bones occur but are not 
numerous in the Dangdt sandstone. Similar thick sandstones, occupying the same general 
positiou, are found at the Jkelum side of the district, and the pebbly upper portion of the 
Lower Siwaliks seems to be most developed towards the eastern and western limits of the 
Potwar country. 

Thicknesses of 4,000, 6,000 and 11,000 feet have been observed in this Lower Siwalik 
group. 

Upper Siwalik. 

This division includes the great conglomerates and associated beds which terminate tho 
tertiary series of the country. Like all such deposits, these conglomerates are inconstant, 
admitting intercalations of the same kinds of soft grey sandstones and grey or orange clays 
as underlie them. Besides these, highly ferruginous and occasionally bright red clay bands 
appear. The conglomerate is in greatest force near the large rivers, as at Salgraon 
on the Jhelum, at Makad on the Indus, and forming the cliffs called KafRrkot between the 
Kurram and Bahadur Khel. The enclosed pebbles and boulders, ranging up to 18 inches in 
diameter, are almost entirely of metamorphic and igneous rocks, forming an extremely varied 
assemblage,* the mainly Himalayan source of which is indicated by the same detritus being 
still carried downwards in the channel of the Indus. Amongst these pebbles a fluctuating 
percentage of limestone occurs, some belonging to the Silurian (?), triassic, Jura, and 
hill-nummulitic beds of northern regions, and some few towards the Indus to Alveolina 
or coral-bearing rocks, supposed to have travelled from the westward. Away from the large 
rivers, as in the So4n Upper Siwalik basin, conglomerate beds, though less prominent, 
still appear, sometimes formed of limestone pebbles from the ranges to the north, or where 
the transported fragments are fewer, these include sandstone pebbles presumably derived 
from the Murree group. 


* For the advantage of obtaining the newest European names of some of these pebbles, I submitted duplicates 
of a quarter of a hundred to my friend Mr. Kinahan as an authority on the subject of rock names. The following 
are their designations according to him, quartzites predominating 


1. Red and grey breeciatcd jasper (eilicificd shale). I 

2. Black pisolitic hornstone. 

3. Red and grey pisolitic quartzite. 

4. Purple felBtone (“euyte”) withblood-red specks, 

white and green silicious amygdala. 

5. Black compact dolerite (apbauyte). 

6. Red and green blended compact “ slightly ophy- 

tic’* felstone. 

7. Purple granular quartzite. 

8. Quartzose amygdaloidal euryte, 

9. Granular purplish gray quartzite. 

10. Hard green felsitic amygdaloid, tufoid. 

31. Green amydaloid, white infusible amygdala. 

12. Purple amygdaloid. 

13. Gray and black speckled fclspathic rock. 

(To 13.) "These arc all passage rocks between enryte and 
felBtone, the 4 Hybrid rocks’ of Durooher.” 

14. Flesh-eolourod quartzite, ] 


15. Black hornstone with thin parallel lines of 

quartz (riband argillyte, silicified shale). 

16. Hard purple felsitic trap (tufoid part of a 

euryte ?) 

17. Coarse granular subcrystallino quartzite. 

18. Saccharoid white quartzite or "greissen.” 

19. Banded purplo and flesh-coloured quartzite. 

20. Block argillyte. 

21. Olive fine-grained quartzite. 

22. Flesh-coloured and green mottled silicious rock 

(with nests of Olivine P). 

23. Compact green felstono, harder than a file. 

24. Coarse flesh-ooloured quartzite. 

25. Fine-grained black pyritous quartzite (Its- 

beryte P). 

These must fall very far short of all the varieties 
of hard rocks among the pebbles of the Siwalik 
conglomerates. They were collected chiefly at 
tho Jhelum sido of the district. 
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In some"parts of the district, the Upper Siwalik conglomerate masses are replaced by 
clays. This occurs south of the Bakrala ridge, and thence nearly to the Jhelum in a north- 
westerly direction. Again, in the valley of the Soan the group is represented by a mixture 
of very recent-looking sandy rocks and dull reddish clays, with an occasional dark, almost 
carbonaceous band ; and numerous layers of gravelly conglomerate, or the limestone pebble 
beds already mentioned. To the westward near the Indus a thick deposit of drab and 
pinkish clays clearly overlies the conglomerates ; it has furnished the Emydine described by 
Mr. Theobald, and other fossils ( ante, 4 of List). Hero, too, grey soft sandstones and orange 
clays are so intimately associated with the characteristic conglomerates as to have taken a 
considerable place in the upper group. 

Siwalik mammalian remains are found in this upper division less frequently than below, 
and they often present a rolled or worn appearance as if derived from older beds. 

In these Upper Siwalik beds, measurements of 3,600, 3,700, and 6,000 feet have been 
estimated from sections made to scale, and observations on the ground. 

It will be seen from the foregoing descriptions that while different stages can be recog- 
nised in these tertiary rocks, their boundaries are somewhat conventional. The separation 
of the marine nummulitic rocks as the representatives of those in other parts of India or Asia, 
and the recognition of one great fresh-water series succeeding, would have marked the pro- 
gress of more or less regular aecummulation. Some of the beds, however, being clearly in 
continuation with sub-divisions of regions to the east (where more definite distinction exists), 
I have extended the classification to this ground as far as practicable. 

Upon the estimates given, the whole series presents an aggregate depth of between 
25,000 and 26,000 feet, or nearly five miles, of tertiary rocks. What terrestrial changes the 
time represented by the successive accumulation of such vast deposits may have witnessed, 
is beyond consideration here. 

A few sections taken across the country, to show tho manner in which the rocks occur, 
aro appended. It should be remembered that the necessity for reducing their length to 
suitable compass renders them very diagramatic. 

Unconformable Post-Tertiary and Superficial . — Large tracts of this district are covered 
by superficial accumulations resembling the alluvium of its present great rivers; indeed, 
owing to the rapid fall of these they are rarely depositing streams. Ordinary alluvium does, 
however, occur along their banks in places, particularly near the Lower Jhelum and Upper 
Indus. The older alluvium or silt very frequently predominates on tbe higher plateau 
ground, often cut through by intricate “ Tchudderas ” so as to show the underlying rooks. 
Sometimes it prevails in open depressions. Nearly all of it is more or less impregnated 
with soda salts {Kuliev), rendering large areas difficult of cultivation, and, by facilitating the 
action of rain-water, increasing the rapidity with which “ khudderas ” are formed or 
extended. 

Its colour varies considerably below, but the upper portion is nearly always a dull 
pinkish drab, glistening, finely micaceous and often distinctly stratified silt, in which 
“ kankar " (carbonate of lime nodules) is locally abundant. Near Jand and Sagri, the silt 
is locally overlaid by loose blown sand, and it is everywhere undergoing transportation to 
lower levels. The saline nature and stratified condition of this silt suggest an estuarine 
deltoid or lacustrine origin ; it has osly been found to contain land shells of recent species. 

Before the time of the deposit just described, certain of the larger depressions in the 
country existed, and some, such as the Sodn, Sil, and Lower Hazara valleys, were unconforra- 
ably occupied by coarse pebble beds and sand or clay. These pebble beds are not, however, 
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confined to the valleys ; they rise out of that of the Soan on its northern side near Rawal- 
pindi, and seem to have once overspread a good deal of the country west and north-east of 
that station with strongly-marked unconformity. They overlie the sides of the Rotas 
gorge near Jhelum ; occur near Nowshera on the Son-Sakesar plateau of the Salt Range ; at 
Namal to the westward ; and cap the mountain above Knlabagh on the Indus. In most cases, 
if not always, they are undisturbed ; but rest at locally steep angles of deposition in one or 
two places (in the Park at Rawalpindi, and Son plateau, Salt Range). In the Soan valley 
and towards Rawalpindi the pebble-beds are chiefly formed of detritus from the limestone hills 
to the north, but the very layers consisting most largely of calcareous pebbles at the Pindi 
side of the valley, crossing the river, gradually change into a mass of light-coloured 
quartzite boulders, the original locality of which is as yet unknown. The unconformity so 
strongly marked near the Soan bridge on the Trunk Road is scarcely traceable in lower parts 
of this valley, though of course it exists. 

In the Hazara and Chutch (Chaj) plains, the pebble rocks beneath the superficial silt, &c., 
appear as a coarse conglomerate or well-rounded gravel, chiefly of syenitic and gneiss frag- 
ments, overlaid by thick horizontal sands, sometimes consolidated so as ,to form a sandstone 
of almost precisely similar appearance to those of the upper tertiary beds, but enclosing 
subangular and rounded blocks of crystalline rock similar to the pebbles beneath. 

Along the Indus and in the banks of the lower part of the Haro river these pebble 
and boulder beds are again seen, occupying different levels, chiefly in the lower part of the 
river deposits: similar post-tertiary accumulations form rather a high flat between the 
Mirkuldn and Chita hills, and the thick sands recur on the Indus near Sujanda. 

North of the Mirkulan and Affridi hills, detrital beds, apparently of the same group, 
were observed near Ispinh&k, as saline yellow, pale pink, greenish, red and white sands, 
clays, and gravelly beds with hones,* or soft micaceous sandstone. 

These coarse deposits, though not always present, seem to he transitional with the lowest 
layers of the silt, and this has not been observed to overlie the pebble beds in some lofty 
situations, where it may be doubtful that it ever was deposited. 

The heights at which the post-tertiary beds are found range from about 800 to 3,000 
feet above the sea ; they have much the aspect of river deposits, and may have been formed 
at different periods. 

Another variety of superficial accumulations, dating far back, though still forming, is the 
“ wash ” or “ fan ” detritus edging the Salt Range to the south, the hills near Banu, and those 
in the neighbourhood of Mirkulan and Pullosi passes towards Cherat. 

Calcareous tufa (“ kamat ”) is not an uncommon associate of the newer deposits. Sheets 
of it are interposed between the “ pebble beds '* and the underlying Murreo group, upon the 
banks of the river Ld, near Rawalpindi ; others seem to have once overspread the ground 
near Fatahjang, and it is frequently Been among or near the limestone hills. 

Erratics.— Dr. A. Verchereis believed to have first recorded the occurrence of large 
erratic blocks near Trap village on the Soan, attributing them to flotation by means of ice. 
These travelled blocks are distributed along the left bank of the Indus from Attock 
southwards, reaching into the country for ten or twelve miles from the river. They are more 
numerous between the parallels of Attoek and Jand than further to the south, strewing 
tho surface of the ground in patches, some being partially buried in the sand or other 
superficial accumulations. 


Major Vicary found the bone of acamel(?) io apparently the same beds at Akhora (an. oil.). 
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A group of these erratics occurs on the road between Jand and Kush&lgarh ; one is of 
granite, measuring over 15 feet by 9 feet by 3 feet (exposed). Others closo by are of syenite, 
gneiss, hornblend schist, and black slate. For a few hundred yards around the ground is dotted 
with similar and smaller blocks, and others are numerously distributed over the neighbouring 
sandy country. Some of these appeared smoothed, but none that I saw showed any signs of 
striation. 

Near the Tutal or Rais river opposite to Jand erratics occur again, but fewer. One of 
grey syenite measured 4 feet by 2 feet by 2 feet 2 inches ; and a block of grey gypsum, 18 
inches by 12 inches, was precisely of the kind occurring beyond the Indus in the Gurgurlot 
and other hills, or at Bahtar on the left bank of the river, where it crosses the Chita 
range. 

Two large erratics lie near the hamlet of Kummerallia (Wahlia of the maps) south of 
Dakn£r : one of white granitoid rock, weathering dark, has a girth of 50 feet and a height 
of 6 to 8 feet ; the other, of basalt, is 48 feet 6 inches in girth and 12 feet 6 inches high. 
A block of grey felsite, set on end in the sand half a mile south of Hatti on the Trunk 
Road, formB a conspicuous monolith : it measures 8 feet 6 inches high by 18 inches by 6 to 10 
inches. Not far to the north is a block of the Kyjnag and Hazara porphyritic granite with 
large twin crystals of felspar ; it has dimensions of 9 feet by 3 feet 6 inches, and is much 
buried. There are others scattered about, but this one only suggests the northern source of 
these erratics with some certainty and the Indus valley as the direction from which they 
travelled.* 

Far to the south-east near Hoon, Mount Tilla, Rotas, and in the Bunliar river at 
Ghoragali, smaller and less angular erratic blocks of red granite are numerous. One of 
these, however, at Narwari, a mile east of the Collectors bungalow at the Mayo salt mines 
(Khewra), is 7 feet in height, measures 15 feet in circumference at the grouud, 19 feet 
half-way up,f and rests upon the red gypseous marl. These red crystalline boulders are 
supposed to have come from a peculiar conglomerate in the cretaceous or “ olive group ” of 
the Eastern Salt Range, or at least from the same unknown source as its enclosed blocks. 
One such boulder, polished and striated, apparently by glacial action, was shown me 
by Mr. Theobald, who found it in a wall near Wahali, on the eastern plateau of the Salt 
Range, not far from where the conglomerate just mentioned is in situ . 

By what means these erratics were transported, if not by the agency of ice, is unknown. 
Their size, sub-angular shape, and the distances they must have travelled, favor this sup- 
position. All do not seem to have wandered so much, thus localising the transporting 
cause : on one of the river terraces of the Indus gorge between Purri and Bahtar, I measured 
an erratic mass of unfossiliferous limestone 9 feet high and 74 feet in girth, which may 
have belonged to any of the neighbouring limestones from the lower nummulitic downwards, 
and seems to be as truly an erratic block as any of the others. 

With regard to the existence of a glacial period affecting the Upper Punjab in very 
recentgeological times, the only evidence the country seems to offer is in the occurrence of 
the formerly Indus-borne crystalline fragments at heights some 2,000 feet above the present 
4 bed of the river. These would indicate either a very late elevation of the region traversed by 
the Indus, or that when it ran in a channel so much higher, the hilly countiy to the north- 
ward may have been as much more lofty (or even higher still), and regions of perennial 
snow much nearer than they are at present. The denudation, which, influenced by earth- 
movements, or alone, reduced the general surface,* would have removed most evidences of 

* I have alio noted granite and other crystalline erratics at heights of four or five hundred feet above the 
Jhelam near Chuttur Kalas, the first stage from Kohala on the new road into Kashmir, 

From measurements kindly furnished by Dr. Wartb. 
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glacial action,* and the widely spread, well-stratified post-tertiary silt would indicate aqueous 
conditions in the vicinity, which might have facilitated the distribution of these erratic 
blocks. 

Supporting Rocks op the Tertiary Zone. 

I shall now endeavour to convey as briefly as possible some slight idea of the palaeozoic 
and mesozoic formations bordering the tertiary zone in this district. 

Southern or Salt-Range Rocks. 

The nine Salt Range groups of palaeozoic and mosozoic formations, included in the list 
(ante p. 113) exhibit parallelism and conformity throughout ; this, however, may be only a local, 
yet marked, peculiarity. Another as groat is that the strata composing the sections at either 
end of the range are strikingly dissimilar. One formation or group may bo traced thinning 
away and becoming overlapped by another at various points along it, so that in no place is the 
full section obtainable. Besides this the whole region has undergone most violent disturbance, 
resulting in displacement and contortion, sometimes one or both being prominent, and in places, 
owing to this, the oldest and newest of the groups are brought into contact. The outcrop on 
the scarped side of the range is thrown frequently into such intense confusion from land-slips 
caused by the deliquescent nature of the salt-marl that it is difficult to reproduce it on any 
map, and entirely impossible on the roughly reduced outline given with this paper. 

“ Saline Series ” — The red marl, gypsum, and rock-salt forming the lowest group is as 
mysterious in its origin as strange in its development and economically important, producing a 
large annual revenue of about £400,000 sterling. .The salt occurs in the upper portion of a 
mass of red gypseous inarl, and underlies massive, white, stratified gypsum. It shows a thick- 
ness of 600 feet at the Mayo mines, of which 225 are almost chemically pure salt (Dr. 
Warth’s paper, No. 11 of list). 

“ Purple Sandstone *' — Thick sandstones, earthy below and of deep purple colour, be- 
coming whitish at top, succeed the saline series. This “ purple group ” extends far to the west, 
but there becomes thin, and the sandstones give place to dark earthy conglomerates contain- 
ing crystalline boulders of red granite and other rocks. It contains no fossils, so far as known. 

“ Obolus beds .” — In the next formation, however (also ranging widely westward), a belt 
of blackish elunchy shale, with sandy layers, was found to contain, at one or two places, the 
small detached valves of Obolus or Siphonotreta t a Silurian form, locally numerous, but 
entirely by themselves. ^ 

“ Magnesian Sandstones ” — This group is to the east succeeded by, and connected with, a 
strong lightly coloured set of beds, the most conspicuous of which are hard, compact, magnesian 
layers, varying from dolomite to magnesian sandstone, and associated with flaggy and darker 
shaly bands, often covered with fucoidal and annelid markings. This formation has a more 
limited extension than the last, and was doubtfully thought by Dr. Waagen possibly to 
represent the carboniferous limestone of the west. From its position in certain sections, it 
appears to underlie that group, so I have preferred to keep it provisionally separate, 
particularly on account of its partial intercalation with the zone below, just where it is least 
recognisable to the westward. 

“Speckled Sandstone ” — The next group is a massive succession of speckled light- 
coloured or reddish sandstones, with purple clays and conglomerate bands, the pebbles of 
which are chiefly of old crystalline rocks. At the top of the group, pale lavender clays (said 
to contain small concretions of copper pyrites ) are constantly present. 


* As pointed out by Mr. Croll would generally be the case (Climate and Time), 
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“ Carboniferous” -^Immediately above these layers the carboniferous series commences in 
the Nilwan ravine, as dull, dark-coloured, impure, calcareous beds of small thickness. West- 
ward the formation developes rapidly into a great mass of clear limestones, with some ferru- 
ginous or pale sandstones and dark earthy calcareous layers, the whole often crowded with 
palmozoic fossils, amongst which Dr. Waagen found the unique carboniferous Ammonites 
which he has described (£. c. No. 9 of list). 

“ Triassic ” — Almost united lithologically with this group is a series of thin limestones 
and greenish shales or clays developed from the Son plateau of the range westward, and con- 
taining abundance of Ceratites , Goniatites , and other forms, of the same genera but of 
different species from those in the carboniferous group below (as distinguished by Dr. Waagen). 
On the evidence afforded by these a triassic age has been assigned for the group, to which 
period also a group of bright red arenaceous and argillaceous rocks in the east part of the 
range, without fossils, but full of casts of salt-crystals, has been referred. It immediately 
succeeds the magnesian group before mentioned. 

“ Jurassic .” — Overlying the western triassic group are white soft sandstones, yellowish 
limestones, oolitic and earthy beds containing Belemnites, more rarely Ammonites , and other 
J urassic fossils , The upper part of this J urassic group becomes dark and slialy Trans-Indus at 
the Chichali pass, where a curiously inverted and faulted section is exposed. Along their 
Western Salt Range boundary, the uppermost Jurassic and lowest nummulitic rocks 
present appearances of local transition through alternating bands of limestone, sandstone, 
and shale. 

• 

“ Cretaceous ” — In some places, however, as in the eastern part of the range and at the 
Chichali pass, dark-coloured shaleB and olive or yellowish sandstone with local beds of 
peculiar dark conglomeratic clay intervene between the above-named groups, or between the 
red trias (?) of the east and the coaly, shaly, ferruginous, or white sandy beds near the local 
base of the nummulitic formation. The shales in the Chichali pass contain several globose 
Ammonites , recognised at once by Dr. Waagen as cretaceous ; and I have found in these 
intervening beds (to the east) casts of large shells, which, with a few forms discovered by Dr. 
Waagen near Makrach, led to suggest for the beds a cretaceous age. 

From the salt marl upwards, all the formations, as far as the base of the tertiary, seem 
to be marine ; but as some are not fossiliferous, and there is a record of some plants found 
in the Jurassic group by Dr. Fleming, this is less than absolutely certain. 

It will be seen that tie contrast is strong between the rocks of this area and the pro- 
tertiary series of the outer Himalayan region. 


Western Punjab, Himalayan Series. 

“ Crystalline ." — The oldest part of this series includes the syenitic rocks, granitoid 
porphyry, and greenstones of Hazdra (Pakli valley, Susulgali Agrdr, &c.), and, from 
specimens brought down, it seems that crystalline rocks are common in Kaghdn also. The 
granitic porphyry with its twin crystals of felspar, 6 or 6 inches high, is exactly like that 
occurring as erratic masses (from the Kyjnag range, &c.) near Nowshera in the Jheluin 
valley on the road from Murree to Kashmir.* f 


* This porphyritic rook scorns to represent the central gneiss of Dr. Stoliezka’s Himalayan sections (Mem. Gcol. 
Surv. Vol. V* ; at least he appeared to identify a block we found together in the Jheluin at Hutti, Kashmir, with his 
« Albite granite” 
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“ Metamorphic and Silurian — Over a considerable area outside the Hazara granitoid 
rooks, slightly metamorphosed, dull, talcose, silky slates were traversed, representing the 
local “ Attock slates” of Nowsh^ra, Abbottabad, &c. Some of the altered beds (on the road 
from Manser a to Garlii Habibdlla, for instance) weather to a substance resembling porcelain 
clay. Greenstone dykes and masses intersect the inner portion of the slates, and syenitic pro- 
trusions occur, but no stratified or foliated gneiss nor any mass of quartzites or mica schists 
was met with, though such were known to Dr- Fleming among these mountains, probably 
at places which 1 did not visit. 

In the Upper Hazara slates and those of Mianjani mountain limestones are absent or 
uncommon, but occur extensively in the Uandgarh mountain north of Hassan Abdal, in the 
Attock hills and towards Mirkulan. These limestone bands have varied textures, from 
pseudo-brecciated to compact, and are often magnesian: one remarkable bed, though unaccom- 
panied by other local metamorphism, resembles a clear sub-crystalline and compact white 
altered marble ; it is slightly affected by acid. It stretches along the southern face of the 
Attock and Mirkulan hills. It is not improbable that several of these limestones, though closely 
associated with the dark slates, do not belong exactly to that series, but to some newer group . 
Others are undoubtedly interstratified. 

In none of the slates or intercalated limestones have T been able to find a single organism ; 
but in the hard limestones near Dakner, I found obscure traceB of small gastropods and 
other shells, barely recognisable as organic : further west, at Mirkulan pass, these traces 
are stronger, and a few fossils can be distinguished. 

The stratification of the slates is often obscured by a number of cross-cleavages, which 
render their furnishing slate of economic value unlikely. As a rule, they are very thinly 
laminated, this structure enabling slab or beddrng slates to be raised where the cleavage is less 
prominent or coincides with the bedding ; the material, however, is soft and weathers easily. 
Bands of dark-greenish, gritty, fine-grained sandstone are not uncommon. The whole group 
often shows intense folding and compression. 

A possibly Silurian age for these slates has been chiefly inferred from the discovery of 
Silurian fossils by Dr. Falconer and Major Yicary in the Peshawar district, apparently not 
in situ , but traced to the Khyber mountains in Afghanistan. These fossils are stated to have 
been of lower Silurian age. Major Vicary mentions Spirifer, Orthis , Terebratula (?) and 
Polyp aria in limestone. Similar genera occurring in the carboniferous and secondary rocks 
of the other parts of the country, the evidence as to Silurian age is limited, so far as any 
information at present available extends, to Dr. Falconer’s fossils, as referred to by Major 
Godwin-Austen (in Quar. Journ. Geol. Soc. Lond. Vol. xxii, p. 29). 

The slate group is perhaps older than carboniferous,* and may be a continuation of the 
azoic slates of Dr. Stoliczka’s Himalayan sections. 

“ Infra-Triassic” — Resting upon the Attock slates with complete unconformity is the 
series of Sirban mountain in Hazara (see Memoirs, No. 12 of List). The unfossiliferous red 
sandstones, lisematitic and silicious magnesian beds, there underlying the triassic formation, 
are of unascertained age, and have not as yet been found elsewhere. 

“ Triassic .” — The triassic formation of the whole northern region consists largely of 
limestones often so slightly fossiliferous as to be very difficult to distinguish from those of 

■ — — — — » - ■■ ■ ■ 

* Last season Mr. Lydekker found in a detached block near Hassan Abdal a specimen of Productue HumbolJti, 
common in the Salt Range carboniferous formation. I have since searched the place in vain for any evidence of the 
existence of carboniferous rocks in the locality. It is possible that some may occur among the limestones on the 
south side of Qandgarh mountain to tho north, though I failed to find a fossil of any kind in the only traverse of 
the mountain 1 have as yet been able to make, 
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the Jurassic period. Shales, limestones, silicious breccia, hsematitic clays, and sandstones are 
present at Sirban ; in other places limestones only are found, or with these a few shales, a 
sandstone band, or some ferruginous amygdaloidal clay. In one case I observed among other 
limestone rocks supposed to belong to this formation, a limestone conglomerate enclosing 
fragments of coralline limestone. The triassio beds are in force among the hills extending 
from the Mochpura mountains to the Trunk Eoad ; and a quantity of hard limestone, much 
of which may be triassic, appears in the Chita range as well as in the detached hills to the 
north. 

The fossils of the formation are, as a rule, scarce, obscure, and hard to detach: 
Nerincea , Neritopsis, Astarte, Opis, Nuculce , Ledce , Ostrece , Terebratulte , Rhynchonellce , 
Megalodon, Dicerocardium, Chemnitzia and Gervillia were identified by Dr. Waagen at 
Sirban, and Ostrea Haidingeri near Khairagali. At the western base of the Zyarut hill at 
Hassan Abdal I found a massive grey limestone bed unconformablo upon Attock slates, 
and full of large Dicerocardium (and Gervillia ?) sections, the fossils being impacted and 
impossible to separate. Overlying this is a large zone of hard, thin-bedded limestones from 
which I obtained (loose) a very perfect Pholadomya . Sections of Rhynchonellce are seen in 
the rocks, and on close search little Retzia ( ? ) and Echinoderms are found weathered out. If 
the fossils of the upper portion of these limestones prove Jurassic, the unconformity between 
the trias and Jura of Sirban is absent here. 

Thick, amorphous, splintery, nummulitic limestone of the paler hill-type caps the whole, 
and is compressed between the folds of the older beds, with very doubtful conformity to the 
thinner limestones below. In another section, near Kamalpur, of similar hard, thin-bedded 
limestone with some thicker bands, is a layer crowded with very large and thick Ostrece . 

The complicated association of limestones, trias. Jura, and nummulitic, extends 
westwards further than it can be followed into Affridi territory (Afghanistan). “ Large fossil 
oysters” are reported from a stream near Cherat, and at Mirkulan, not far from this place, 
there is the following succession, from south to north, a considerable part of which may be 
triassic : 

Mirkulan Section . 

(North.) 

30. Dark Attock slates, with some harder bands. 

Fault (P). 

Upper Nummulitic . 

29. Bright red earthy rooks and soft greenish sandstone. 

28. Sandy limestone with large quartz grains. 

27. Olive shales. 

26. Strong purple sandstones. 

25. Very red earthy rocks, cleaved. 

24. Grey, slaty, olive and greenish shale, cleaved parts full of nummulites. 

Cretaceous (?). 

23. Alternations of slaty shale and dark limestone with sections of Cerithium and 
Natica (?). Calcareous bands weathered to a rusty clay full of undetermin- 
able fossils. 

22* Thick limestone. * c 

21. Dark greyish-green, slaty band. 

20. Thin dark, flaggy limestones. 

19. Greenish and grey limestones, highly contorted. 

18. Thin-bedded black limestone. 
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17. Dark grey quartzite, with black flaggy slate bands, and white flaggy calcareous 
layers (600 ft.). 

16. Silicious gritty beds. 

15. Grey and purplish, rippled, thick -bedded slate (1,500 ft. ?). 

14. Grey, purple, and greenish flaggy limestone. 

13. Dark green calcareous slates, thinly laminated. 

12. White flaggy limestone with yellow lines, among grey slaty beds. 

11. Dark grey and variegated limestone, magnesian, compact, with ferruginous 
strings ; a black earthy layer and several shale partings, one hard blue 
band crowded with sections of thin flat bivalves, shelly parts often oolitic., 
and contain sections of pentagonal crinoid stems. 

10. Purple slaty band. 

9. Black and greenish shining shale or clay, flaky ; layers and nodules of grey 
oolitic limestone. 

8. Black limestone — dolomitic in places, then of brownish grey colour. 

7. Green-olive fine slate. 

6. Strong grey and variegated yellow and black limestone : no fossils. 

5. Brownish grey and purple slaty band, passing up into yellowish and green 
calcareous slate (about 200 ft.). 

4. White flaggy lithographic limestone, thin and flaggy above, alternating with 
grey bands, like Solenhofen lithographic slate, upper part lavender-coloured. 

3. Greenish olive ; dark, slialy ferruginous, thin band (same as “ Darwaza ” lime- 
stone on Indus near Dakner). 

2. Brownish yellow brecciated limestone, overlying. 

1. Olive shales with ferruginous concretions. 

The correlation of this section cannot be usefully attempted till the ground has 
received further examination. The series appears to rise in the direction indicated by the 
progressive numbers, but may be affected by faults and inversion in part. The southern 
end would seem to belong to the slate series ; further on, the only guess which Dr. Waagen 
could hazard from the imperfect organisms found, was that the zone (so marked in the 
section) might be cretaceous ; while the upper part, presumably faulted against the slates, is 
certainly nummulitic and perhaps upper nummulitic. The thickness exposed must be great, 
but could only be estimated for some of the zones. 

“Jurassic ” — Jurassic rocks are known to exist in many places beneath the lower 
nummulitic beds. They, too, are chiefly limestones and not of widely different aspect from 
those overlying. In the southerly parts of these northern hills they usually contain a well- 
marked rusty °zone, enclosing small grains of quartz, which give a rough appearance to the 
weathered surface of the rock. This zone is sometimes a mass of fossils, chiefly of large 
Trigonia veniricosa* of which the matted and intertangled casts can only be obtained. 
T. costata occurs also, but the sections of the larger species give a very marked character 
to the weathered surface of the rock. 

In the hills near Margala pass, where broken portions of the Trigonia rock occur, the 
associated beds contain fragments of Ammonites and Belemnites. Again, to the west near 
Jang, the latter and Gryphcea abound in one or two layers just below the Trigonia bed. 
Ammonites of well-known Himalayan forjnsf are numerous in the Spiti shales of Chamba 


* Determined by Dr. Feiatraantel. 

t Oppelia acucincla , Strachey, Periephinetee frequent Opp.t conf. Simplex , Sow., Belemnitee Qerardi Opp. 
Inoeeramue , Cuculasa and Pecten are the fossils mentioned by Dr. Waagen. Records, G. S. I., Vol. V, para. 1, p. 17. 
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peak near Khairagali (where they were first discovered by Dr. Beveridge, R.A.). Ino* 
ceramus and Ammonites fragments, a Pecten and Belemnites , occur in another exposure 
of the Spiti group at Kondragali on the Abbottabad upper road from Murree ; and some of 
these fossils re-appear in dark-coloured sandy and calcareous rocks far down in the deep 
ravine of the Hard below this locality. 

None of these Jurassic rocks, Spiti shales, Trigonia zone, or the harder compact and 
semi-lithographic limestones in the least resemble the Sait Range Jurassic rocks, nor is there 
any similarity between the great trias limestones, &c., of the northern region and the 
Ceratite beds of the other locality. The cretaceous horizon of the northern area is chiefly 
marked by hard sandy limestones forming a thin band at Sirban and in the hills close to Kohat 
(though thicker limestones without fossils may also belong to the same formation). This band 
contains several Ammonites , a few Baculites and large Belemnites, generally of uncanali- 
culate forms. The aspect of the band is also quite unlike the dark shales of Chichali 
or the “ olive group ” of the Salt Range. 

Palaeontological skill only can decide how far the northern and southern fauna are 
disimilar ; to ordinary observation there is a striking difference between the fossils belonging 
to the formations of all ages from the two areas, corresponding with the lithological 
diversity, and suggesting much variation of conditions during palaeozoic and subsequent times. 

Distuebance. 

There are abundant instances of most intense disturbance and dislocation in this dis- 
trict, yet they appear to have resulted from but one extended influence, which produced the 
whole system of its mountain features. Strata belonging to all periods older than post- 
tertiary are contorted, but as no chronological sequence can bo distinguished amongst the 
countless folds or numerous faults in any of the series, the whole of the disturbance con- 
nected with the physical features can only be attributed to a post-Si walik period. Whether 
the results are due to one prolonged or to consecutive exertions of force, there is as little to 
indicate, as there is to show when the action ceased. 

The marked line of disturbance, dislocation, and inversion along the outer Himalayan 
limestone hills has no counterpart in the district (unless a concealed ' feature of similar 
kind skirts the Salt Range on the south). It appears to imply special intensity of the dis- 
turbing agency. Other developments of extreme results occur ; — a complete inversion of 
the Jurassic and tertiary limestones is seen among the bills between Shaladitta and Khan- 
pur (northward of Rawalpindi) : inversion is common, sometimes extraordinary, all over 
the Kohat country, and its presence at Chich&li pass has long been known. 

Although whole ages of apparently tranquil accumulation distinguish the succession in 
the Salt Range, the limitation laterally of so many of its groups may have been connected 
with slight or local alterations of level, 

In the Himalayan area there are traces of palaeozoic and mesozoic elevations and 
denudations, in the unconformities mentioned (at Sirban and Hassan Abddl), however local 
these may have been; and in the more central area, similar events in tertiary times 
are indicated by the derived fragments enclosed in the rocks. 

The presence of the great tertiary sandston^ and clay series of this area asserts the 
previous existence of an elevated region to the north, and its Si walik boulder beds point to 
a west Himalayan elevation in later tertiary times, as plainly as the distribution of the 
same bottlders in subsequent, deposits proves that those western Himalayan regions have 
remained elevated ever since. 
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The lofty situations of these Himalayan boulders in some localities may either indicate 
a post-tertiary elevation or be a measure for part of the sub-atireal denudation of the Upper 
Punjab. 


Description op the Figured Sections. 

These three sections, in consequence of the vertical exaggeration necessary, will show 
at a glance the general fall of the country towards the Indus from the Murree hills and 
Salt Range. 

It will also be seen that the Himalayan side of the Rawalpindi plateau is much the 
most generally disturbed, the folding of the rocks being almost confined in its greatest 
intensity to tbe N&han-Sirmfir band and those groups lying northward of it. The local 
character of the Salt Range disturbances will also appear, but the sections do not happen 
to cross whore these are most developed. 

Section No. 1 is in two parts, from the difficulty of taking a single line over the most 
expressive features of the ground. In the part of it along the Trunk Road it may be 
noticed that the upper Siwalik conglomerates at and near the Rotas anticlinal are represented 
in the Kharian hills and south of the Bakrala ridge by clays. The faulting at the latter 
locality might be supposed sufficient to account for this, but from the aspect of the neigh- 
bouring country it appoars equally probable that the formation has changed and the coarser 
beds have been replaced as at the Kharian ridge. The Nahan beds of Bakrala ridge have 
been already referred to. 

The lower Siwaliks are largely developed from Mount Narli to the southward, giving 
sections of over 13,500 feet ; and the upper Siwalik conglomerate beds have a thickness of 
2,800 feet at Salgriion. The Murree hills are all formed of the rocks referred to the Nahnn- 
Sivmur group, but the contortion is so great that their thickness can only be guessed at 
about 5,000 to 7,000 feet, with the probability of its being very much greater. 

The whole of the Kult^ma spur, uniting the Murree ridge with the more lofty ranges to 
the north, is occupied by upper nummulitic beds, including a quantity of sandstoues, &c., 
so similar to the overlying ones that their identity has been doubted. If the faulting 
necessary to have produced the present arrangement could he accounted for in detail, these 
questionable beds might be admitted to have belonged to the series above. 

Northward from Kuldana tho section has been already described, and its continuation <o 
beyond the Mianjani slates near Batangi shows alternation of nummulitic aud Jurassic 
or triassic exposures, crushed and faulted beyond recognition of the geological relations. 
The mass of red rocks at Dungagali are believed to be upper nummulitic beds introduced 
by faults. 

Section No. 2. — From Pind Dadun Khan to Gandgarli (or from the Jhelum to the 
Indus). — In this section one of the most conspicuous faults of the Eastern Sait Range is 
crossed, bringing a portion of the tertiary N&han beds against the lower rocks of the palaeozoic 
series. The land-slips and complexities of the Salt Range section here had to he omitted on 
account of the reduced scale of the section. North of the range the beds having most the 
appearance of the Nahan rocks may he taken at 1,500 feet, but beyond this the wide expan- 
sion of the lower Siwaliks rolling at gentle 1 angles conveys little idea of the true thick. icss 
of the beds — a large one, however, in all probability exceeding 10,000 feet. The upper Siwaliks 
of the Soan basin may be estimated at from 300 to 500 feet, and are generally overlaid by the 
valley-deposits or loess, both series being in places so horizontal and so similar as to be hardly 
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distinguishable. At the northern side of this basin tlie beds become gradually tilted ; the 
gravelly conglomeratic beds and clays pass down into the red and gray rocks of the lower 
group to near Khaire-Murut ridge, where the angles are very highly inclined, or vertical 
bedding is found in the purple Nahan-Simi fir group. In places on both sides of this ridge 
there are traces of the upper nummulitic beds intervening between the limestone of the hill 
and the purple rocks on its flanks, but the junction on either side as frequently has the 
appearance of a fault. Hence to the vicinity of Fatahjang numberless steep inclinations 
towards the north and south in the Nahan-Sirmur rocks indicate the closely-folded and com- 
pressed curves of the beds, which are both disturbed and displaced at tin* upper nummulitic 
zone, as may be seen where the alternating limestones, shales, Ac., mark the arrangement 
more distinctly. As an example of the contortion hero I may mention that thirteen anticlinal 
curvatures are shown within 3, (XX) feet horizontally in one of Mr. Lyman’s very carefully 
detailed sections at the Fatahjang petroleum springs, and there are many similar cases. 

It not unfrequently occurs along the junction of the upper nummulitic zone with the 
stronger limestones of the adjacent hills, that there is a small space between the two occupied 
by rocks resembling those outside that zone. This is sometimes due to combined limiting and 
inversion, but the contortion is often so great that it is difficult to say whether there are not 
some intervening red and purple sandstones and clays realty present. Sometimes also there 
arc but very few layers of tlie well-developed upper nummulitic character to be found in 
their usual position, as at Shaladitta, where the main zone is a mile and a half to the 
southward, and the usual lower sandstones and clays of the Nahan-Sirmur group, containing 
occasional layers of upper nummulitic type, are faulted against , rather than rest on, the 
Jurassic limestone of the hills.* 

In this section (No. 2) the solid limestones of the Chita Pahar range arc of unusually 
pale colour, and sometimes full of hummulit.es. At the northern base of the range they ar c 
in contact with a highly disturbed and faulted zone of upper nummulitic beds. Further north 
the rocks beneath are concealed by heavy accumulation of valley beds (syenitic gravel and 
gray sands), until at Khaire Murut the hard triassic-looking limestones show themselves in 
a folded state capped by and faulted against nummulitic limestone, below which the 
Di,ccrocardwm and overlying limestones (some of them Jurassic?) of II assan Abdal rest 
upon slightly exposed Attock slates, such as are seen with many intercalated and associated 
limestone masses on Gandgarh to the north. 

In section No. 3 the carboniferous limestone of the Salt Range is shown appearing 
thicker than it is on account of the vertical exaggeration. The groups below it are the 
“speckled sandstone,” “purple sandstone,” and “gypseous” salt-bearing scries, while the 
mesozoic formations above include the triassic Ceratite beds and Jurassic sandstones and lime, 
stones overlaid by the strong nummulitic limestone. The section continues through the same 
series as before, traversing the great upper Siwalik conglomerates of the Mokud region, the 
slightly fossiliferous hone and wood-bearing rocks of Jand and Nara, the upper nummuli- 
tic limestone and secondary limestones (probably both trias and Jura) of the Chita range, 
then turning eastward in the river Indus traverses the valley deposits of the Kamal pur 
plains and the slates and limestones of the Attock hills, as shown in the section. 

* Compare Vol. IX, p, para. 3. 
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Notes on Fossil Floras in Indta, by Ottokar Feistmantel, M.D., Palccontologist , 

Geological Survey of India '. 

XIV, XV, XVI. 

XIV. — On a Tree fern stem from the Cretaceous Rocks near Tkichinopoly in 
Southern India. ( With Plate.) 

Amongst the fossil plants in the collections of the Geological Survey there is a portion 
of a tree fern stem from Trichinopoly, collected by Mr. H. F. Elan ford from the same strata 
with the marine animal remains which yielded the numerous material for Dr. Stoliczka's 
monographs on the history of these fossils. Forms of the same kind have as yet been found 
mostly in cretaceous rocks at several pretty distant localities, on almost the same horizon, so 
that, if there were no information about our specimen, one might conjecture its being of 
cretaceous age. 

If we look through the literature, we find (not regarding the carboniferous Mega- 
phytum and Caulopteris, which have different characters) fern trees of this kind, first described 
and figured from Kaunic in Bohemia, by Comte Kaspar Sternberg* * * § ). This illustrous 
author, however, not knowing well the relations of the locality, and not knowing at that time 
any of the fossils w r hich were later found associated with these steins, described them from 
the disposition of the scars and from their superficial resemblance with some stems of Lepido - 
dendron and Sagenaria , as Lepidod. punctatum , Sternb., and the locality Kaunic as be- 
longing to the carboniferous formation. Brongniartf described it even as Sigillaria, and 
also as carboniferous. 

Prof. Goppert, 1836, J was the first to describe it as a fern, but placed it with the 
genus Caulopteris, species of which genus occur mostly in carboniferous strata. The same 
author described another species as Caulopteris Singeri from Silesia, which he later, how- 
ever, united with that Bohemian species. 

Presl, 1838, in Sternberg’s Flora der Vorwell, placed it with Protopteris as Pro topi, 
punctata , and consequently the Caulopteris Singeri , Gopp., was also placed with Protopteris. 

Corda§ changed also the specific name to Protopteris Sternhergi , considering the 
locality, however, also as carboniferous (1845). 

But soon after this, already in 1852, Prof. Reuss || mentioned that Kaunic does not 
belong to carboniferous, hut is cretaceous, which in the subsequent year (1853) was quite 
distinctly shown by Prof. Krejci % of Prague, who examined the locality, and proved that 
the sandstone wherein the Protopteris Stembergi (punctata) was found is not carboniferous 
but cretaceous (cenoman.) ; he found again some stems of the same species, and also two 
new forms, of which one was named Alsophilina Kaunilziana , Dorm., and the other 
Oneopteris Nettwalli , Dorm., and figures of both were given with his paper, all being 
cretaceous. 

In 1869 the same author** published an exhaustive report on the stratigrapliical relations 
of the cretaceous formation in Bohemia, wherein, on pages 46 and 88-89, Protopteris 

* Vorsnch eincr Flora dor Vorwclt, I. fasc. 1, p. 19, tab. iv. f. i. viii. 2. 

t Histoiro do v^get. fossil p. 421, tab. 141, f. i. 

X System filic. fossil, 1836, p. 449. * 

§ Corda BeUvage zur Flora der Vorwelt, 1846, 

|| Jahrb. d. K. K. Gcol. Reichsanst, Vol. Ill, n. 2, p. 106. 

Kouniekft Skula, in “Ziva,” 1863. 

** Arohiv f. naturw. Durchforchung von Bohmcn ; gcol. Sektion, IBd. Studicn lm Gcbicto <1, Biihm. lvi 
formation. 
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Sternhergi , Cord, (or Cauloptcris 'punctata , Gopp.) is clearly described as from the lowest 
strata of the cretaceous rocks, the so-called Perutz-beds, near Kaunic and Vyserovic, 
so that there could no longer exist any doubt about it. Prof. Krcjci did not, however, 
mention any fossils from the clays associated with the sandstones. 

When in 1870 I joined the party for the geological exploration of Bohemia, I visited 
several localities in these lowest plant-bearing strata of the cretaceous rocks, especially the 
localities Nehvizd, Vyserovic, and Kaunic, east of Prague, and I saw the sandstone con- 
taining the fern stems intercalated with clay bands, in which were numerous plant-remains, 
consisting of some fern fronds, some coniferous branches, but especially dicotyledonous 
leaves, amongst which the peculiar genus Credneria , a typical cretaceous genus, was very 
frequent ; in general the fossils agreed mostly with those described by Prof. Heer from 
Moletin in Moravia, and with those from Niederschona in Saxony (as far as they are 
known), both which localities, as well as those in Bohemia, belong to the cenomanian ; thus 
it was quite plain that Protopteris Sternhergi , Cord. (Lepidodendron punctutum, Stbg.), 
was a cretaceous tree-fern. 

Also Prof. Romer in his Geologic von Oherschlcsien , 1870, describes Protopteris 
Sternhergi, Cord., as distinctly cretaceous. 

Subseauently, in my monograph on fossil tree-ferns from Bohemia* * * § (carboniferous, 
permian, and cretaceous), I described the relations of these beds near Kaunic, which contain 
he Pro top ter is Sternhergi , and are cenomanian. 

Previously to this Prof Goppertf had twice shown that Protopteris Sternhergi is 
cenoman, and placed his Caulopteris Singeri with it. 

Prof. Heer in 1874 seems still to have known only the older descriptions of this fern 
as carboniferous, so that in his third volume of the Flora Fossils Arctica the locality Ujava- 
susuk of Disco iu Greenland is described, from the occurrence of this Protopteris Sternhergi , 
as belonging to the carboniferous formation ; but in a preface to the work he mentions a 
letter of mine to him on the occurrence of Protopteris in Bohemia, and then refers correctly 
the fern stem from Greenland to the cretaceous formation. 

In Schiraper’s Pal. vigtiale, 1869-74, we find Protopteris Sternhergi still quoted as 
from carboniferous. 

Its true horizon has been, however, fully confirmed also in other countries ; the same fern 
was found in cretaceous (Unter Quader—Cenoman) of Saxony ; J and Mr. Carruthers § de- 
scribed it from the Upper Greensand in England (Shaftesbuiy in Dorsetshire), distinctly 
saying, on p. 485, that Dr. Fritsch of Prague has informed him that the beds from which 
Caul opteris punctata was obtained are Upper Greensand (cenoman). 

In 1867 Prof. Unger || described a very nice fern stem from the cretaceous (Neocomian) 
ncarlschl in Austria, to which our form from Trichinopoly is mostly allied. But Unger 
also was at that time quite unacquainted both w T ith Prof. Krejci’s publications about the 
tree ferns in Bohemia (1853), and with Carruthers’ description of the same species from the 
English Upper Greensand, for he says, on page 648, that the Ischl species would be the first 
tree-fern in the cretaceous formation. 


• Abhand). d. K. btikm. Gesellsch. d. Wwsenseh. 1872, f with two plates, 

f Zeitschrift. d. D. Geol. Gesellsch, 1865, p. 643, and N. Jahrb. f. Min. etc, 1865, p. 396. 

J Gcnitz Elbthalgebirge 1875, p. 304, PI. 67, f. 1 (Palmontogr'afica, Cassel). 

§ Geolog. Magazine, 3865, p. 481, PI. XIII. 

tl Sitzungberichte der k. k. Acad, der Wissensch. LV, 3, 1867, p, 612, et p|. i. 
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Quite recently I published a preliminary report on the flora of the cretaceous rocks 
in Bohemia* where I speak especially in detail of the lowest beds (Perutz.-beds) near 
Nehvizd, Vyserovic, and Kaunic ; two sections illustrate the relations, and all the species 
determined up to that date are given. From this report it is quite distinctly shown how 
Protopteris Sternbergi , Cord, (punctata), is found in the sandstone, together with other 
species of tree ferns, and with cones of Damarites, f while the intercalated clays contain other 
plant fossils. 

These bods in Bohemia with Protopteris are therefore Cenomanian ; so are the beds in 
Moletin in Moravia, and near Nicderschona in Saxony ; also the locality in Saxony with Pro- 
topteris is Cenomanian; the English locality is cenomanian too, and the locality in Greenland 
was afterwards (in the preface) referred by Prof. Heer also to cenomanian. Only Ungers' 
specimen is said to be from neocomian. 

In Bohemia these beds contain, besides the plants, only some fresh-water and land 
animal remains, and are therefore fresh-water deposits ; so seem to be also the beds near 
Moletin and Niederschona. I am unacquainted with the relations of the English locality, 
and in Greenland these relations are also not quite clear. Prof. Ungers specimen was asso- 
ciated with marine animals. 


The fern stems described from cretaceous rock up to date are as follows : — 

1. Protopteris punctata, Presl. (Heer, Geinitz, Carruthers, etc.). — From Cenoman in 
Bohemia, near Vyserovic and Kaunic ; Silesia (Giersdorf), in Saxony (Paulsdorf), in England 
(Shaftesbury in Dorsetshire), and in Greenland (Disco). 


1828. 


1828. 

1836. 

1845. 

1852. 

1853. 
1865. 
1665. 


1865. 


1870. 

1872. 


I860. 


1874. 


1874. 

1875. 


Lepidodendron punctalum , Sternberg, Vcrsuch einer FI. d. Vorw. I, 1, p. 19, tab. IV, 
f. 1, VII T, 2. Described as carboniferous. 

Stgillaria punctata, ftrongniart, Hist. d. vdgdt. fosr., p. 42J, tab. 141, f. 1. As carboniferous. 

Caulopterui punctata , Gopport, Syst. tllie foss, p. 449, etc. As carboniferous. 

Protopteris Sternbergi , Corda, Bitrnge, p. 77, tab. 48, f. 1. As carboniferous. 

Ileus, Jahrb. d. k. k. gcol. Roichsanst. Vol. Ill, N. 2, p. 105. Consideied Kouulc already 
as cretaceous. 

Krejci, in “Ziva.” The locality Kounic is described quite distinctly as cretaceous ! 

Gopport in N. Jahrb. f. Min. etc. Quotes it as cretaceous ! 

Caulopteris punctata, , Goppert. Zeitsdi. d. D. gcol. Gesellseh, p. 643, speaks quite dis- 
tinctly of it as cretaceous ! 

Idem Carruthers, Geol. Magazine, p 484, PI XlIT, from Upper Greensand ! 

Protopteris punctata, Krejci, in Archiv f. unturh. Durchf. von. fiuhmcn, I lid. p. 46, 88— 
89, described as Cenoman 

Protopt. Strenbergi, Romor in Geolog. v. Obersclilcsien, p. 300, as cretaceous ! 

Idem, Feistmantel Baumfarrenroste, Abhandl. d. k. B3hm. Gesellseh. d. Wissenechaften 
Distinctly described as cretaceous. 

Protopt. Sternbergi, Sell imp. Pol. veget. T, p. 706. Again ns carboniferous. 

Protopt. punctata, Heer. For. foss. Arctic, Vol. HI. Quoted again ns carboniferous from 
Ujaracusuk, Disco, but in the preface correctly referred to Cenoman. 

Protopt. Sternbergi , Feistmantel, Sit/A), d. k. Bolim, Gesehseh. d. Wissonsch. December 
1874. As cretaceous, Cenoman t 

Protopt. punctata , Geinitz. Elbthalgebirgc, p. 304. From Cenoman at Paulsdorf in Saxony. 


la. Protopteris Singeri , Gopp. sp., and Protopteris Cottai, Gopp. sp., at first de- 
scribed as peculiar, were later (1865) placed by Prof. Goppert with Protopteris Sternbergi 
Corda.— Both also from cretaceous. 


2. Alsophilina Kouniciana , Dorm. From Cenoman sandstone near Kaunic (Bohemia). 

1853. Krqjci-inZjfa, Kauuickd sk&la.— Plato. 

1872. Feistmantel Baumfarrenreste, 1. e.— -Figure. 


* Sitzungsb. d. k., BShm. Gesellseh. d. Wissenseh. December 1874, 
f Mr. Stur's Lepidocaryopsis Westphaleni. 
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3. Onropteris Nettwalli, Dorm. From Cenoman sandstone, Kaunic (Bohemia). 

1853. Krejoi, 1. c.» and 1872 Felstmantel 1. c. 

4. Protopteris Buvignieri . — From cretaceous near Grand Pre (Dpt. Ardennes). 

1849. Brongniart Tableaux des genres, d. vegdt. foss., p. 111. 

5. Caulopteris cyatheoides , Unger. From Neocomian near Ischl in Austria. 

1867. Unger, in Sitzb. d. k. Acad. d. Wissenseh. Vol. LV,p. 643—649, Tab. I, f. 1—4. 

There are therefore up to date five species of tree ferns from the cretaceous formation 
all belonging to the same order. 

If we now turn to our Indian specimen and compare it with the published figures, we 
shall find that it mostly agrees with Unger’s species from Ischl, although the horizons are 
somewhat different. 

Both these forms agree so much with the living Cgathea, that I do not see the necessity 
for classing them with Caulupteris, and I would propose for them the name Protocyathea 


Genus Protocyathea, Nov. 

Filix arbor escens , caule tereti; cicatricibus ramorum (foliorum) spiraliter dispositis , 
nvnc maxim is nunc mediocribus , structura earum cicatricibus Cyathearum viventlum 
proximo. 

Tin's genus would comprise two species, that one described by Unger as Caulupteris 
cyatheoides and our Indian form. 

1. Protocyathea Ungeri, sp. nov. 

1867. Caulopteris cyatheoides, Unger., 1. e. 

1869. Schimpcr, Pal. vdgdt., I, p. 708. 

Locality : Neocomian near Ischl in Austria. 

2. Protocyathea Trichinopoliensis, sp. nov., PI. I, f. 1-2. 

Caule arborescenie , vivo tereti , statu fossili compressor 10 Cm. in diametro metiente , 
ext as cicatricibus ramorum ( foliorum - ) notato ; cicatricibus confertis t spiraliter dispositis , 
oblonge rhombeis , parte inferiore acuminatis , parte super lore obtusi uscu li.s\ fossul a sepa - 
ratis ; disco convexo prominente , subrhomboidali, vasorum stigmatibus circumdato, inf us 
nonnullis vasculis spftrsis notato ; inferiore parte cicairicis stigmatibus majoribus cxplcta. 
Cortice partim tantum vreservato. 

The stem is a little compressed and preserved in fine-grained, pretty hard sandstone. 
It cannot have been very thick, the diameter of the compressed specimen being 10 Cm. 
The chief character is the scars ; they are disposed in spiral order on the outside of the stem, 
the spirals being pretty vertical. The form of the scars is oblongly rhomboidal, in the lower 
portion more elongated and acuminated, in the upper portion obtuse ; and here pretty con- 
vex and prominent (the disk); the scars arc pretty closely set and separated by furrows. The 
fiscal portion is limited by roundish vascular marks from the other portion of the scar, and 
the inner surface of the disk contains some other vascular marks. The lower portion of 
the scars, which is elongated, contains also several larger and more oblong grooves. 
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To show these grooves in the lower portion of the sears I have added in fig. 2 the 
view of one scar, which exhibits them very distinctly in form and disposition. They 
are especially well seen in the scars of the lower portion of the stem, where a little of the 
stein-substance is preserved. 

Regarding the living affinities, we find that our specimen is next related to Cyathea 
compta (see Brongniurt, Hist. d. v£g£t. loss., PI. 42, f. 1), where the discal portion equally is 
surrounded (limited) by closely set vascular marks as in our fossil form ; also in the inner 
surface of the discal portion seems to be a similar disposition of the marks. The only differ- 
ence would be that the scars in our specimen are not so distant, and that the marks in[ the 
lower portions of the scars are much more numerous in our fossil. 

In Hooker’s Species Filicnm , p. 42, I found, however, the _ Cyathea compta , Mart, 
described as Ahophila compta. 

Amongst the fossil forms, the next relation of our fossil is with Protncyathea Unaeri 
(Caulopteris eyatheoides , Ung.), which is apparently also a Cyathea , and Prof. Unger himself 
lias compared it with Cyathea compta and Cyath. vest it a. I have only to refer to his 
paper (1. «.). 

Our species is therefore to be added as a sixth form of tree-fern from cretaceous rocks 
in the table given above. 

Explanation of Plate. 

Fig. 1. The stem in natural size. 

Fig. 2. One scar specially figured to show the stigmata in the lower portion. 

XV.— Notes on the Karharhari Flora. 

In two previous papers in the Records (Vol. IX, 3, 4) I had mentioned several fossil 
plants from Karharbari, which were brought to our knowledge by Mr. Whitty, Superintend- 
ent, Karharbari Collieries, East Indian Railway. This year I had an opportunity of visiting 
the coa-l-field myself and of collecting fossils, in which I was very much assisted by Mr. 
Whitty ’s knowledge of the ground. The flora yielded the interesting fact that it is more related 
to that of the Talohir shales than is the coal flora in any other field (at least as far as 
brought to notice at present, except the plants from the Mohpani coal-field). This relation is 
also supported by the stratigraphy, both series iu this field having the same dip, and being 
apparently in conformable sequence. 

The Talcliir flora, as known at present, is very poor, but all species of the real Talchir 
shale were found again in the Karharbari coal strata. The other character of the flora is, 
as will be seen, to a great extent triassic, very many forms being like those which European 
geologists are used to call triassic. 

I know at present fossil plants from seven localities in this comparatively small coal-field, 
and it is to be expected that others will be found. 

The localities are — 

1. Buriddi , yielded ten species and four varieties of one specie^. 

2. Chunika , containing one species. 

3. Domafoini , with five species and two varieties of one. 

4. Passarahhia, with six specks. 

5. Mdthddi, with two species. 

9. Joy it and, with four species and two varieties. 

7. Komaljorc Hill. 
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In all the&fc localities the flora shows very much the same character, some species being 
common to all. 

In the Talcbir shales themselves I could not succeed in finding anj T fossils, but I observed 
very well preserved ripple-marks in the shales. 

I shall only shortly give here a sketch of the flora, postponing other details for a future 
time, when I can give illustrations. 

Equisetaceae. 

Forms of this class are not so frequent, as in the Damudas, elsewhere. 

Some stalks, rather shortly articulated, with small cicatricuhe in the joints and frag- 
ments of free leaves, are to be referred to Schizoneura , and are next to Schizoneura Meriani , 
Schiinp. (. Equiset . Mei'iani , Bgt). They are from Passarabhia. From Komaljorc Hill 
Schizon. Gondwanensis is known ; two similar stalks occurred in the Talchir shales. 

Vertebraria is very rare ; near Passarabhia some small fragments occurred. 

Filicks. 

The greatest display of forms is in this class. A large Neuropteris , belonging to the 
triassic single-pinnate type of this genus, occurs very numerously near Buriadi. I have 
already described it as JSeutopt. valida; it is very close to Ncuropt. gigantea , Schiinp. and 
Moug., from the Bunter in the Vosges. The genus G angamopteris is very frequent beside 
this in all localities ; most forms belong to G angamopteris cyclopteroides , which I have 
previously described, and of which I now could distinguish four varieties. This species was 
first known from the Talchir shales. 

Besides Gangamopt. cyclopteroides and its varieties, there are three other species of 
this genus from Domahani, Buriadi, and Jogitand. Glossopteris, in the true form, is 
rather rare in the coal-field, and only in two localities more frequent; and I think this species' 
belongs to my Glossopt. communis. It is from Passarabhia and Mathadi. From the 
Talchir shales in the Karanpura coal-field also a specimen of Glossopteris is known. 

From Buriadi there is known a peculiar form, which shows the transition from Glossop- 
teris (real) to G angamopteris, or vice versd. I called it Glossopt . decipiens, the midrib 
of which is quite distinct in the lower two-thirds, vanishes towards the apex, where the 
secondary veins arc radiating. 

With the ferns having net-venation Sagenopteris is still to be placed. 

CYCAPEACEiE. 

Cycadeacece are pretty frequent amongst the fossil plants from Karharbari coal-field. 

Zamia Hislopi is very frequent, but longer than the usual form, and I call it therefore 
var. predonga\ in all localities and in Talchir shales. Another very nice Zamia shows 
two leaves attached to the stem ; I call it Zam. Wkittiana, from Buriadi. A Glossoza- 
mites also occurred near Domahani. This species I have described shortly in a previous 
note, and called it after Dr. Stoliczka. 

CONIFEBJE. 

Some triassic forms are pretty frequent amongskthe plants of this coal-field. They are 
from Domahani ghat and Buriadi. 

I can determine altogether eighteen species and some varieties. Amongst these are all 
the plants which are known also in the Talchir shales ; besides these there are some triassic 
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types, and 6ome local forms. This, I think, tends to show the close connection of the 
Karh&rbari coal strata with the Talchir shales; and ike evidence from the plants speaks 
strongly for a triassic, or at least mesozoic age of these strata. The bearing of this 
conclusion upon the age of the Damudas in other fields needs not to bo pointed out. 

From the vegetable remains in the Talchir shales, which are as well preserved as in 
the coal-beds, the conclusion would follow that the Talchir shales must have been deposited 
rather under similar conditions as the coal-bcd, and different from those under which the 
boulder bed was formed. 


XVI. — On tiie occurrence of Glossopteris in the Panchet Group, and in the 

Upper Gondwanas. 

When reporting in the last number of Records (Vol. X, 2) on some fossils which I col- 
lected in the Nunia stream north-west of Assensole, I suggested that some beds above the 
outcropping coal scam might, from their stratigraphical position, be considered as associated 
with those which were distinguished as the Panchet group, although Glossopteris occurred 
in them. I added that I had no doubt that this genus passes into the Panchet group. 
Already in 1861 Mr. Oldliain mentioned a Glossopteris fragment* * * § from the real Panchet rocks, 
as described by Mr. Blanford.f Mr. Oldham says : — “ There arc a few mutilated and drifted 
fragments of fossils beside, one of which (fragment of one side of a frond) shows the 
existence of Glossopteris , undistinguishable save gonerically.” And the same is repeated 
again by Mr. Oldham on page 206 in the same paper, so that already at that time there 
was no mistake about it; but later, it seems to have been generally supposed that no 
Glossopteris exists in the real Panchet group. J 

To satisfy myself how the matter stands, I made a search through all our collections of 
fossil plants from the Raniganj field in the hope of finding the specimen mentioned by 
Mr. Oldham. I succeeded in finding about eight leaf fragments, just in those specimens of 
the rocks which are full of the small Fstheria, allied to that in the Mangli beds. The 
Glossopteris remains are mostly only fragments of the leaf, but peculiarly well preserved, 
and one can see the reticulations without the lens, some (about 3), however, show distinctly 
the midrib, from which the secondary veins pass out, forming distinctly meshes (see figures). 
Thus there can he no doubt that Glossopteris existed during the deposition of the Panchet 
group. This manner of preservation resembles that in the Kawarsa beds of the Chanda 
district, where Glossoptens occurs also in a very fragmentary state, and again associated with 
JEstheria (the form as in the Panchets and in the Mangli beds). In my note on the Estherta 
beds in India §, I have already pointed this out, and I repeat again that the Kawarsa beds 
very likely are on the horizon of the Panchets in Bengal. 

Wo have thus in the real Panchet group Schizoneura and Glossopteris , both of which 
occur again in the underlying Raniganj group ; and the Panchet group is certainly as closely 
connected by fossils with the Raniganj group, as the Mangli beds are with the Karnthi 
(Raniganj) group. Mr. W. T. Blanford himself found no great unconformity between the 
Raniganj and Panchet groups. On page 127, 1. c., Mr. Blanford says “ It should, however, 
be remembered that there is a very considerable apparent conformity between the two groups, 


* Additional remarks on the geological relation! and probable age of the several systems of rocks in Central 
India, etc. M. 0. 8., Vol. Ill, p. 197, et aeq. 

f On the geological structure and relations of the Raniganj coal-field, M. G. S„ Vol. IIT, pp. 3 and 120. 

t Sco a letter by Dr. Oldham to Rev. W. B. Clarke, published in his " Remarks on Sedimentary Rocks of New 
South Wales,” 3rd edition, page 29. 

§ Bee. Geol. Surv., X, 1, \\ *29 
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and that excepting in the section on the banks of the Nunia,* the want of it can only be 
made oat by a careful comparison of the rocks of each formation over considerable areas/ 
And Mr. Oldham, in his paper mentioned above, says about this unconformity : — “ The 
unconformity between them (Raniganj and Panchet groups) is but slight (in truth, such 
as would never probably have been noticed were the change, from one group to another, not 
marked by a change in mineral characters of rocks), etc/' I went myself twice through this 
part of the Nunia stream, and I could only observe this apparent conformity, and the 
co-existence of Schizoneura and Glossopteris in these beds, and therefore their close connec- 
tion with the Raniganj group cannot, 1 think, be denied, whatever may be the differences in 
mineral characters. 

Amongst the fragments of Glossopteris which I mentioned above in the specimens of 
the Panchet rocks, there are easily seen two different forms of areolation : one is that of 
Glossopteris indica , Schimp., and the other of my Glossopteris communis . I may thus 
record the fact that Glossopteris occurs in two forms in the true Panchet rocks > together 
with Schizoneura and Estheric^ connecting the Panchet group more closely with the Rani- 
ganj group than I supposed before. 

But I have also to notice the occurrence of Glossopteris in the “ upper series ” of the 
Gondwana system, — in the Jabalpur group and in the Denwa groups. 

There are some specimens from the Sher river amongst our Jabalpur fossils ; one of 
these I described as Cyclopteris lobata , comparing it with the Cyclopt. digitata from the 
English Oolite ; but it is also very close to those forms which only recently were described by 
Heer from Middle Jurassic (oolitic) strata in Greenland and Eastern Siberia as Gingko , to 
which also Cyclopt. digitata from Yorkshire was placed, and it would be the case also with 
our form. On the reverse side of this specimen I discovered the first specimen of Glos- 
sopteris ; by splitting the stone I uncovered ano ther leaf of this genus. 

There is another specimen with Alethopt. Whitby ensis, Gopp., also from the Sher river, 
which contains also two leaf fragments of Glossopteris. Although fragmentary, the exist- 
ence of the genus Glossopteris in the Jabalpur (Kach) group is unmistakably proved. 

In 1875 Mr. H. B. Medlicott brought from the Denwa horizon (Mahadeva Series) of 
the Satpura basin near Kesla, some specimens of a very crumbling rock with fragmentary 
plant-remains, amongst which is a leaf, the venation of which is areolated, and which I can 
only believe to be a Glossopteris , with which also the whole form of the leaf agrees. I have 
no intention to determine the species ; I am satisfied with the generical determination. By 
these discoveries, I think, Glossopteris loses somewhat of its “exclusive carboniferous 
character,” which in Australia is given by the marine fauna, while here in India I believe it 
to be mesozoic. 


On the occubbence of ebbatics in the Potwab, and the deductions that must 
be dbawn thebefbom, by W. Theobald, Geological Survey of India . 

As my assertion of the former extension of glaciers to so low a level as 2,000 feet in 
the K&ngra Valley has found scarcely more favour at the hands of my colleagues than from 
the author of Fire and Frost [vide J. A. S. B., 1877, Part II, No. 1., p. 11), it is some satisfac- 
tion to me now to. produce additional evidence tendiijg to the same conclusion ; and if I am 
not mistaken, less open to the destructive criticism of experts than were my rather crude 
observations in Kdngra. 


* The above-mentioned specimens, with Eetheria, Schizoneura, and QlozsopteHs, are from here. 
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Indeed, my present evidence goes farther than that of the so-called and so-disputed K&ngra 
erratics and moraines, for in their case I merely argued for a terrestrial or moraine origin 
which did not exclude the probability of a sufficiently great difference of level in the whole 
country to largely obviate the isothermal difficulty, whereas I now am forced to contend for 
floating ice as the veliicle of my Potw&r erratics, and this almost precludes the idea of any 
considerable difference of level between then and now along the Indus basin, the conditions of 
the problem rather necessiting the supposition of the Potwar then forming a vast lake sub- 
sequently drained by the lowering of the Indus bed above Kalabagh. 

I will preface my remarks by saying that by the term “ erratic,” I understand fragments 
of stone of any size or shape which have been transported by ice, and that the occurrence of 
blocks of stone (neither meteoric nor presumably due to drift timber), embedded in thinly 
laminated impalpable silt, is primd facie evidence of ice as the transporting agent. 

The Potw&r is that vast spread of undulating open ground north of the Salt Range. 
It is sparingly marked with hills, and rendered somewhat difficult to traverse by deeply 
excavated streams and ravine-ground, the result of atmospheric denudation acting on a soft 
alluvial surface. The surface is mainly alluvial, but the underlying Siwalik sandstones often 
crop out above the surface, or as frequently display themselves in the deep sections afforded 
by streams and ravines. 

The alluvium — or loess, as it has been proposed to be called by some writers— is very 
variable in character ; most generally it is a brown clay, with little or no hankar (limo-nodules) 
in it, and very prone to melt away before rain action ; hence the deep intricate ravines which 
intersect it. 

In some spots, as south-east of Fatebjang, towards the Khaire-Murut range, it presents 
the character of a lacustrine marl, with thick beds of earthy tufa crowded with land and 
fresh-water shells, among which I remarked — 


Lymnea rufescens L. (probably a 
var. of L . peregra ). 

Planorbis exustus. 

P. convexiusculus. 

Vivipara Bengalensis. 

Bytliinia pulchella. 

Melania tuberculata. 


Corhicula (a small species near 
Agrensis). 

Unio (near Candaharica.) 

Macroch lamys Jacq uemontii . 
Gylendrus insularis. 

Napceus salsicola. 

Opeas gracilis. 


At other places where less tranquil deposition was taking place, the alluvium has the 
character of ordinary river deposits, clay, sands, and gravels intermixed ; whilst east of 
Rawalpindi these gravels are replaced by coarse boulder conglomerates with an aggregate 
thickness of over 200 feet, and possibly much more, as denudation has largely modified the 
surface of these beds. 


Near Jand a considerable area exists of a fine thin-bedded silt wholly devoid of 
organic remains, and therein presenting a striking contrast to the equally fine, though 
dissimilar, clay or marl at Fatehjang. A considerable thickness of this silt is seen (40 feet 
at least), but its relation to the ordinary alluvium is obscure, it being covered over and 
masked by enormous quantities of blown sand carried over it from the bed of the Indus by the 
powerful west winds blowing in the hot season. This silt is impalpably fine and thin-bedded, 
and of an extremely pale greenish fawn colour, and in it are impacted masses of granitoid 
gneiss, such as constitute the biggest «rratio blocks of the district about to be enumerated. 
One such block, a little under a foot in diameter, was seen in a road-side section north of 
Jand, impacted in situ , and but half exposed by denudation in this silt, the fine lamina) 
of which were curved against it, as would be in the case of a foreign body embedded in 
such a position. 
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This block is not a particularly large one, though its presence in so fine a bed demands 
a special explanation, but it is valuable aB clearly displaying the fact that some, at all events, 
of the erratics which overspread the surface are weathered in situ out of a lacustrine silt 
indicative at some former period of both lacustrine and glacial conditions in the Potwar. 

Near the burial-ground of Jand a deep section of this fine silt is seen, and on it 
another erratic is seen of about a cubic yard in contents, and this, there seems no reasonable 
doubt, has also weathered out in situ , though it is not so self-evident as in the other case. 

It will hardly, I think, be contended that these erratics were transported by floating 
trees, for this reason, that they are random samples of that spattering of similar blocks 
many of which are too huge to be capable of any other transport than ice ; and this embedded 
block at all events, from the nature of the materials which surround it, could have been 
transported by no debacle or even moraine, but must have quietly sunk where it now lies. 

The first erratic noticed by me (being first discovered by apprentice Kishen Sing) was 
in a small stream less than a quarter of a mile west of Pind Sultdni on the road from 
Rawalpindi to Jand. At this spot two blocks of a gneissic rock, which probably once 
formed a single fragment, are seen lying half buried in the sand of a small stream. The 
larger fragment is nearly ten feet in its greatest length, and nothing approaching this size is 
seen in the ordinary surface gravel, or in the section of the banks of tho stream wherein 
these blocks lie. Scatttered blocks of a similar gneiss, but of a smaller size, occur at several 
spots along the road as far as Jand, near which place they are not very uncommon. These 
fragments are more or less angular, and have nothing in common, so far as appearance goes* 
with the ordinary rounded boulders and gravel of the Indus, a spill of which materials is 
found ail over the country as we near the Indus, the remnants no doubt of a former high- 
level deposit of gravel and boulders swept down that river and its tributaries. 

About two and a half miles west-north-west of J and, and a little south of the road to 
Kushalgarh, occurs a monstrous fragment of gneiss forty feet in girth, and sundry smaller 
fragments are seen in the neighbourhood, as also a little nearer the Indus ; but close to that 
river these fragments disappear, or are involved undistinguishably in the general mass of 
boulders swept down in its bed. There is at the spot where this large block occurs much 
surface gravel, but the rock beneath seems to be the silt I have previously described, which 
here sheets over and fills in the hollows between the harder Siwalik ridges which here and 
there crop out above the surface. So obvious is the foreign character of this granitoid rock 
resting on fine silt, that it has acquired a legendary fame, and is resorted to as a cure for 
lever, which is effected by the devout pacing it nine times without drawing breath. 

The distance between this block and that first noticed at Pind Sultdni is twelve miles, 
and the direction of the line joining them east-north-east, west-south-west. Along this line 
small angular erratics are here and there seen, none more than a mile on either side of it ; 
which clearly indicates the linear arrangment of these blocks. To establish this fact I made 
a traverse to the north as far as Jalwal, besides despatching Kishen Sing in other directions, 
but without finding any other blocks save those mentioned ; whilst to the south I made 
several traverses equally without result, till tho second line of erratics was met, the interme- 
diate ground being free from these fragments. At twenty miles, however, south-east of 
this line of Jand erratics, a second line of them is met with possessing the same general 
strike (east-north-east) as the last, and this line I traced for eighteen miles along tho 
course of the Soan river, which must ha^e engulphed # many in its sands. This line extends 
through Shah Mahomed walla and Jabbi, and some of its fragments are found two miles 
or a little more on either side of the centre line. The most easterly fragment noticed was a 
huge mass broken into several pieces, over 20 feet in girth, resting on alluvium at a high level 
eight and a half miles from Pindigheb and eleven miles from Jaman, and there are several 
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smallei blocks in the same neighbourhood. An equally large block occurs close to Suriali six 
miles to the south-west, whilst six miles north-west of this last occurs another not quite so large. 
These two last blocks are the most divergent, being live miles apart, and between them the 
great central course of blocks seems to pass. Below Shah Mahomedwalla, erratic blocks, mostly 
of gneiss, are numerous, but above that village the Scan has engulphed them, or the blown 
sand in the low land south of the river has covered them up. Enough, however, remains 
clearly to establish the fact of their being two trains of erratic blocks in the Potwar, many of 
which blocks range from 20 to 40 feet in girth, and some of which at all events are im- 
pacted in a thin-bedded silt. These two trains of blocks are twenty miles apart, and their 
course very nearly at right angles to that of the Indus, but coincident with that of its main 
feeders in the area in question at the present day (the Soan, etc.). 

My colleague, Mr. Wynne, has also found numerous erratics, with an excellent sketch of 
some of which he has kindly supplied me, hut beyond a mere announcement of this corrobora- 
tive fact 1 need not now go. The discovery of one or more pieces of the dark Trans-Indus 
gypsum has, I believe, led my colleague to entertain a suspicion that these erratics have tra- 
velled from the west ; but this I think must be viewed with the utmost caution, as whether 
we regard the erratics as home by floating ice or not, it is hard to coneieve that any train 
of blocks coming from the west would pursue (as I have shown the Potwar erratics to do) 
a course to the east-north -east. 

The above simple exposition of the few facts bearing on this interesting question, 
gathered by me in the course of my last season’s work, must suffice for the present, as till we 
know more of the direction whence these Potwar erratics descended, speculation on the subject 
would be vain. One thing, however, I regard as established, — namely, that whilst glaciers 
were ploughing their way down the great Himalayan rivers and valleys to within 2,000 feet 
or so of the sea, the Potwar was one great lake, with an exit probably near Kalabagli as now, 
and into which lake glaciers descended freighted with the debris of the hills of Hazara 
and Kashmir. 

W. THEOBALD. 

Dharmsala, June 1877. 


On becknt Coal exflobations in the DabjIlino Distbict, by F. K. Mallet, F.G.S., 

Geological Survey of India. 

At the time when the construction of the Northern Bengal Railway was commenced, the 
Government of Bengal, in view of the importance of obtaining, if possible, a supply of 
coal within a distance less great than that from the known coal-fields of Raniganj or 
Kaliarbari, requested that an examination should be made into the mineral resources of the 
Darjiling hills, with reference more especially to coal. To this duty I was deputed during 
the cold weather of 1873-74. The results of my work are included in Part 1, Vol. XI, of 
the Memoirs of the Geological Survey. 

In that report it was shown that a narrow band of Damuda rocks stretches from Panka- 
bari eastwards as far as Dalingkot, at an average distance of two or three miles from the base 
of the hills. The strata, however, have undergone great crushing and distortion, and are tilted 
up on edge, dipping generally at a higli inclination : often vertically, and seldom at lower 
angles than 30° or 40°. Such disturbance is accompanied by great change in the 
lithological characters of the rocks, the sandstones and shales being frequently converted 
into quartzites and slates, respectively, while the coal has lost a large proportion of its 
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volatile matter, so as to approach to anthracite in composition. At the same time the crush- 
ing to which the seams have been subjected has squeezed them so that they often vary 
greatly in thickness within a few yards, and has induced a flaky structure in the coal, which 
renders it so friable that it can be crumbled into powder between the fingers with the 
greatest ease. With respect to tho economic value of the coal, it was pointed out that 
owing to the high inclination of tbe seams ; their rapid variations in thickness, as well as in 
dip and strike ; the shattered condition of the rocks in many places, and the friable state of 
the coal, great difficulties were to be anticipated in any attempt to mine the coal ; its pow- 
dery condition also rendering it useless as fuel until after conversion into either coke or 
patent fuel. 

Considering that the friable condition of the coal was almost beyond doubt due to crushing 
during the period of elevation of the Damuda rocks, and not to mere atmospheric influences, 
the opinion was expressed that but little hope of improvement at a distance from the sur- 
face could be anticipated. At the same time, the value of workable coal in this part of 
India would be so immense, even if workable with difficulty, that it was recommended to 
place this point altogether beyond doubt by driving trial drifts for some distance into one 
or two of the more favourably placed seams. From these drifts some information would also 
be gleanable as to the steadiness of the seams with respect to thickness, &c. A seam at 
Tindharia of 11 feet at the outcrop, and another in the Chirankhola jhora of about 
6 feet, were recommended for these experimental openings. Subsequently, however, it was 
determined to drive into the former of these alone. 

The work was placed under the direction of Mr. A. H. Tyndall, Executive Engineer 
of the Darjiling and Jalpaigori division. In such treacherous ground, with men wholly 
unaccustomed to work of tho kind, the difficulties encountered were by no means small. 
The hill coolies were most unwilling to work underground with the possibility before them 
of being buried alive, and two explosions of fire-damp, although they did but little damage, 
were not calculated to reassure their minds. Neither were they much encouraged by a fall 
of earth which closed up the mouth of the mine one day just as they were about to enter 
it for the day’s work. Some copper miners from Sikkim, who are accustomed to burrowing 
in the ground, and who it was supposed would make no difficulty about the matter, were 
engaged, but on seeing what was wanted, and that the excavation was not in the hard rock 
they were accustomed to, they declined to have anything to do with it. 

The outcrop where the drift was commenced is in the bed of a small stream (about 200 
yards south-west of the Tindharia bungalow), from which the ground rises steeply on both 
sides, the seam crossing the rivulet nearly at right angles, and heading straight into the 
side of the hill. Work was begun by cutting away the superficial earth and exposing 
a vertical face at a distance of about 10 feet from the original outcrop. From this point 
the adit, 4 feet 6 inches high by 2 feet 6 inches broad, was driven, with an upward incli- 
nation of about 5 degrees to allow for drainage. Cross-cuts were made at intervals to 
determine the thickness of the seam. In April last the excavation had been driven to a 
depth of about 100 feet from the entrance, when the miners were suddenly brought to a 
standstill by coming on solid sandstone. I was consequently directed to proceed to the 
place and examine the drift. The accompanying plan* shows its course with reference to 
the seam, and the cause of the apparent discontinuance of the coal. Owing to a twist of 
the seam towards the right, the miners got, near the fourth cross-cut, into the dark brown 
shale, containing some coal, which underlies the Inain seam, and, penetrating this, came on 
the sandstone below. 


* I am Indebted to Mr. Tyndall for the topographical features. 
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The main object of the drift — the determination of the question whether the coal 
improves at all in the interior — has however been satisfactorily accomplished, the seam 
having been followed to a distance of about 80 feet from the original outcrop ; and owing to 
a small land slip which took place last rains, two outcrops have been exposed in an adjacent 
water-course which yield more information respecting the continuity of the seam than could 
be hoped for from a further prosecution of the drift. As, therefore, there is no object in 
carrying the work on any longer, it is advisable to place on record the results obtained. 

Friability of the coal . — With respect to the friability of the coal, no difference whatever 
is perceptible between coal taken from the fourth cross-cut and that at the actual outcrop. 
The former position is about 45 feet from the surface measured along the shortest line ; 
a distance quite sufficient to prove that the friability is, as was anticipated, entirely due to 
crushing, and not in any degree to surface alteration. No hope can be entertained of obtain- 
ing coal from the Darjiling Damudas in anything but the powdery state already described. 

Composition . — -Neither is any difference discernible in the coal as to composition. In 
the following table assays are given of samples taken at various distances from the 
surface — 


Distance from 
original outcrop 
along drift. 

Distance from 
mouth of drill. 

Distance from 
nearest point of 
surface. 

Fixed carbon. 

Volatile matter. 

Ash. 

0 


0 

063 

124 

21*3 

10 

0 

? 

00-8 

11*4 

21*8 

20 

10 

7 

67*5 

14*4 

18*1 

30 

20 

15 

644 

10*4 

25*2 

70 

00 

40 

038 

12*5 

23*7 


Continuity of the seam . — The section of the seam at the outcrop is as follows 
(ascending) : — 


(a)— Yellowish (slightly rusty) sandstone, seen about 
{b, d) — Brown shale... 

(t)“ Cob! ... ... ... ... 

(p)— Sandstone, similar to (a), seen ... ... 


Pt. In. 
12 0 
6 0 
11 0 
8 0 


The shale ( b , d) is only partially exposed, and may include the layer of coal (c) visible 
elsewhere. The dip of the main scam here is west-15°-north at 80°. 

In the first cross-cut there is only 5 feet 6 inches of coal, with sandstone on both sides 
of it, the shale (b, d), and the lower part of the seam, being evidently cut out by a small 
slip. The dip is badly seen, but appears to be about north-west at 70°. 

At the second cross-cut, 6 feet 6 inches of coal is exposed, but the seam has not been 
cut through on the left side. 

In the third cross-cut it is 7 feet 6 inches thick with shale below it. Dip seems to 
be about west-40,' "-north at 80°. 9 

In the fourth, 10 feet of coal is exposed in the main seam, which is not cut through to 
the right. The dip appears to be the same as in the last cross-cut. There is a thin bed 
of coal included in the brown shale below. 
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The fifth cross-cut is entirely in shale, beyond which, at the end of the drift, is the 
sandstone (a). 

About 80 feet south-west of the fourth cross-cut the scam is exposed in a surface 
outcrop. It has a thickness of not less than 10 feet, and dips about south -20°-east at 30°. 
I do not think that this is the true dip, however, but merely a bending over of the seam 
at the outcrop caused by a slip of the surface debris, &c. 


Thirty yards further the following section is exposed — 







Ft. 

In. 

(a)— Sandstone, seen 


... 


... 

10 

0 

(&)— Drown shale 





1 

0 

(c )— Coal 

... 


... 


l 

0 

(d) — Brown shale 





3 

0 

(€)— Coal 



... 


12 

0 

(/)— Brown shale 





0 

0 

(#)— Sandstone, seen ... 

Dip about south at 60.° 


... 

' 


a 

0 


Throughout, then, the length of 260 feet in which the seam is traceable, it possesses 
a fair degree of uniformity in thickness. But the strike twists round from south- 16°- 
west to west, or through 76° ; while the dip, which is 80° at one end, is an inverted 
one of 60° at the other, the difference being 40.° Of course these are merely local features 
affecting one portion of one scam, but my experience of the rocks generally does not 
lead me to suppose that the beds at Tindharia are subject to any unusual degree of dis- 
tortion. Taking into account, then, that the Tindharia seam is thicker, and perhaps more* 
uniform in thickness, than any yet found, it is manifest what extreme difficulty the condition 
of the rocks in question must oppose to any attempt at mining the coal seams generally. 

Necessity for timbering . — The experience gained shows also that galleries cannot be 
driven into the coal for a single yard without complete timbering ; on which, owing to the in- 
coherent, non-self-supporting character of the coal, an unusually heavy pressure is put (which 
is shown by * creep* of the floor of the gallery as well as by bulging in of the sides and roof) ; 
and owing to the heat and damp within the drift, the wood quickly becomes unserviceable 
from rot. With the comparatively trifling superincumbent weight of 40 or 60 feet of 
rock, some of the 3-inch planks were beginning to yield at the time of my visit ; and 
Mr. Tyndall informed me that it was frequently necessary to renew them here and there, while 
a complete renewal would be necessary if it were decided to carry the work on further. 
No doubt the timber would last longer in a regular mine with an organized system of ven- 
tilation ; but making every allowance for this, it is certain that the expense for timbering 
in any mines in the Darjiling coal would be extremely heavy. 

Fire-damp . — It has also been shown that the coal is not altogether free from fire- 
damp, two slight explosions having occurred during the progress of the drift. There would 
be little to fear, however, on this score in regular mining operations, as the usual amount 
of ventilation would doubtless, be more than sufficient to carry off the small amount of gas 
generated. 

Coking properties of coal.— Some time agfc a quantity of the coal was sent by 
Mr. Tyndall to Calcutta, and through the courtesy of Mr. Blackburn, Manager of the 
Oriental Gas Company's works, Mr. Medlicott and myself were enabled to experiment on 
its coking properties, in some gas retorts placed at our disposal. 




PLAN AND SECTION OF TINDHAR1A COAL DRIFT. 
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About 3§ cwt. of coal in its natural state, i. e. t in coarse powder and fragile lumps, 
was introduced into a retort, which was already at a red heat. The charge was kept at this 
temperature by means of an external furnace, for five hours, and then drawn. The coal 
came out in powder just as it went in. It lost its volatile matter, of course, but did not 
cake in the slightest degree. 

Three and a half cwt. of coal, previously saturated with water, was treated in the same 
way for seventeen hours. The result was the same as in the last experiment. 

In a subsequent series of experiments I sought to determine, as far as can be done 
on a small scale, what proportion of pitch added to the coal was required to give the coke 
a sufficient degree of firmness. Two pounds of the coal powder, passed through a sieve, of 
6 holes to the inch linear, were intimately mixed with different proportions of coal-tar pitch 
(passed through a sieve of 20 holes to the inch linear), the mixture some wliat shaken down 
in the crucible, covered over with a thick layer of sand and the crucible lid, and then heated 
for an hour and a half. When withdrawn, the crucible bad been for some time at a full 
red heat, and the evolution of gas had ceased. The results were as follow : — 


Proportions. 

j C Coal 4 parts by weight 
t Pitch 1 „ „ 


Quality of coke. 




Coke hard and firm. 


2 f Coal 8 parts by weight 
* Pitch 1 „ „ 


:{ 


Coke of good quality, 
but less firm than 
No. 1. 


Coal 12 parts by weight 
Pitch 1 „ 

4 f Coal 1 6 parts by woight 
1 Pitch 1 „ „ 

6 C Coal 32 parts by weight 
1 Pitch 1 „ „ 


Coke fairly good; 
somewhat tender. 

*" | Coke inferior; fragile. 

Coke very inferior; 
easily crumbled. 


In a sixth experiment the coal was tightly rammed into the crucible without admixture 
of pitch. It coked to some extent, being about equal in that respect to No. 5. 


It apppears, then, that the Tindharia coal will not coke at all when heated in a loose 
state, but that it will coke, although in a very inferior way, when previously compressed. 
It is also to be remarked that the Tindharia coal contains the largest proportion of combusti- 
ble volatile matter (on the presence of which in sufficient quantity the coking mainly 
depends) of any Darjiling coal assayed, as shown in the following table.* 



Fixed carbon. 

Volatile matter. 

Ash. 

Rakt naddi, 5' 6” seam 

79-3 

7*6 

13*1 

Cart road, 6' 0" Beam 

741 

o-o * 

160 

Cliirankhola naddi, 7 ; 0" seam ... 

69*6 

6*2 4 

25*2 

Tindharia ravine, 11' 0" scam ... ... 

66*3 

12*4 

21*3 

Ravine south of Pankabari, O’ 9" seam ... 

64*0 

11*8 

24*2 

AVBEA.GB ... * 

70’86 

0*20 

2014 


* Memoirs, G. 8. 1., Vol. XJ, p. W. 
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The failure, therefore, to produce good coke in the first experiments leaves little room to 
hope that such can be produced from any other Darjiling coal. 

With respect to the production of coke with the aid of pitch, taking into account, on the 
one hand, that coke made on the large scale yields better results than in mere crucible experi- 
ments, and on the other that the Tindharia coal possesses a slight tendency to cake per se, 
which some other of the Darjiling coals do not, it may perhaps bo inferred that about a tenth 
or twelfth of pitch, or say 2J mans (maunds) to the ton of coal is about the smallest propor- 
tion which would be found to answer in practice. The price of coal-tar pitch at the present 
time in Calcutta being Rs. 2-4 a man, this quantity would cost over six rupees at Sukna — 
that is to say, the pitch alone would cost nearly half the amount at which Raniganj coal 
could be delivered there per ton.# 

The results of some experiments on a small scale, respecting the manufacture of 
patent fuel by agglutination with farinaceous matter, are mentioned in my report on 
Darjiling, f It yet remains to be proved, however, whether this plan would answer on a 
commercial scale. Attempts of this kind carried out at Raniganj, with the object of 
utilizing the small coal of the collieries there, J were successful in the production of good 
fuel, but not at a paying rate.§ 

Conclusion . — Taking into account the extreme difficulty and corresponding expense 
which must be encountered in mining the Darjiling coal, and the subsequent expense of con- 
verting it into a usable form of fuel, I fear there is but little hope of working it at a rate 
less than, or even not exceeding, that at which Raniganj coal could be laid down at the foot 
of the hills. 

Assam coal . — In the coal of Assam, however, there is a supply which may eventually 
be found more advantageously available than either. If the projected communication should 
be established between the Nazira coal-field and the Brahjnaputra, and the branch line of 
the Northern Bengal Railway to Dubri be constructed, it is not improbable that coal taken 
down the Brahmaputra would command the market. Coke made from the strongly caking 
Assam coal mixed in due proportion with the anthacitic coal from Darjiling would probably 
be found (irrespective of cost) to yield a highly serviceable fuel, but the expense of manu- 
facturing it would most probably be found greater than the cost of delivering the raw 
Assam coal at the foot of the Daijiling hills. 


Limestones in the neiohboubhood of Baraear, by F. R. Mallet, F.G.S., Geological 

Survey of India . 

Not long ago, I had an opportunity of examining different deposits of limestone near 
the western border of the Raniganj coal-field, which have acquired additional importance of 
late owing to their employment as flux at the Barakar iron- works. In visiting the different 
quarries that have been opened, 1 had, as guide, an intelligent native employe, who was kindly 

sent with me for the purpose by the Manager of the Company. 

* 

The most important localities — in fact the only ones in which limestone has been raised- 
are two, namely, Bagkmara at the western end of Panchet Hill, and Hansapathar, ten miles 

* Memoirs, G. S. I., Vol. XI, p. 62. * • 

f Ilnd t p. 60. 

% Records, Vol. VII, p. 162. 

5 This fact in itself alone, however, cannot be taken as conclusive against the production of Bimilor fuel in the 
Darjiling district. At Baniganj, patent fuel must hold its own against round coal raised on the spot, whereas in 
the Daijiling district it would have the advantage of competing with round cool brought from long distances. 
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further west. The limestone in the former locality is of Darauda age, and was originally 
discovered by my colleague, Mr. Ball, in 1865, and mentioned in his progress report for that 
year. That at Hansapatliar is included in the gneiss. It was found in 1864-65 by Mr. W. L. 
Willson during his survey of the crystalline rocks. 

Bdghmdra limestone .- -Immediately cast of the fault which brings the gneiss against 
the coal-bearing series at B&glimara* there is a north and south ridge composed of Raniganj 
sandstone, dipping to the east at an angle of 30 or 40 degrees. It is in the valley to the 
south of the village, between this ridge and Panchet Hill, that the outcrop where the 
quarries have been opened is situated. At the time of my visit three quarries had been opened 
in a line running N. N. E. — S. S. W., the distance between the two furthest apart being 
some 300 yards. The general section is not as clearly visible as might be wished, but, 
gleaned from the different exposures of rock, appears to be as follows (descending) — 

(d). — Sandstone. 

(c). — Arenaceous limestone. 

(b ). — Shaly red micaceous sandstone. 

(a). — Limestone. 

There is sandstone above the limestone (c), but it is not seen in immediate superposition, 
and there may be other beds between. The upper limestone, as seen in the most southerly 
quarry, is about 18 feet thick, and is repeated by a small slip. It is very massively bedded, 
but on the weathered surfaces traces of false bedding can be detected. The dip is east- 
20 0 -soutli at about 20°. The rock is of a dark greyish color and very arenaceous, with scales 
of mica and occasional bits of carbonized stems, &c. : the fracture is rough and uneven. 

The limestone in the second (middle) quarry resembles that in the first. One hundred 
yards or so to north-west of it there is another outcrop, exposing a few feet of similar rock. 
Whether this is the same band faulted, or a distinct one lower in the section than (a), is not 
clear, as the intervening ground is covered with surface soil. 

A little to one side of the third (most northerly) quarry the arenaceous limestone is 
partially visible, with a few yards of shaly micaceous sandstone below it resting on the 
limestone {a), which is exposed in the quarry itself. The last-mentioned rock is massively 
bedded, like the arenacoous band, and similar to it in color, but it is seen by the eye alone to 
be of a purer kind. The sandy element is much more subordinate, and the fracture is 
smoother and imperfectly eonohoidal. Eleven or twelve feet of limestone is exposed in the 
quarry, but the bottom has not been reached. Dip east-30°-south at 15°. 

I have recently made some analyses of average samples from each band, which give the 


following results : — 

Upper limestone' (c). 

Calcic carbonate ... ... ... 45*05 

M agnostic carbonate ... ... ... ... 11*55 

Ferrous carbonate ... ... ... ... 3*54 

Ferric oxido ... ... ... ... *28 

Phosphoric acid ... ... ... ... *07 

Insoluble (chiefly sand, but also includes scales of mica, with 
some clay and a small quantity of carbonaceous matter) ... 39' 28 

89-85 


* Vide Map of the RduigaDj Field ; Memoirs, Geological Survey of India, Vol. Ill, Pt. 1 . 
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The residue insoluble in acid contained 84*70 per cent, of silica, equal to 33*27 per cent., 
or just one-third the total weight, of the limestone. 


Lower limestone (a). 


Calcic carbonate 


... 

... 68*40 

Magnesia carbonato 


... 

14‘41 

Ferrous carbonate 


... 

4'16 

Ferric oxide ... 

•is 

... 

*62 

Phosphoric acid ... 


... 

•12 

Insoluble (sand with clay) ... 

... 

... 

19*28 




101*98 


Neither limestone contains more than a trace of sulphur. Of the insoluble residue in (a), 
84*85 per cent., or 16*36 per cent, of the limestone, was silica. It will be seen that the 
upper band contains double as much insoluble matter as the lower. Exclusive of this, which 
a mainly mechanically mixed sand, the two limestones have very nearly the same composition. 


Calcic carbonate 


' ... 

Upper band. 

... 74-26 

Lower band. 

78*17 

Magneslc carbonate 



1901 

17*76 

Ferrous carbonate 



... 600 

613 

Ferric oxide ... 



•48 

*77 

Phosphoric acid 



*12 

*16 


99*85 10198 


The inferiority of the upper band has been already proved by experience, and the work- 
ing of it has been abandoned for some time. The only quarry now open is in the lower band, 
which, as may be seen from the analysis, is of fairly good composition, although containing 
an undesirably large percentage of silicious matter. 

The quantity of lime that may be expected from it is tolerably large. In the present 
quarry the band has a minimum thickness of 11 or 12 feet, and it can probably be advan- 
tageously followed for some hundred yards along the outcrop. The average dip of 15° or 
20°, however, with rising ground to the east, would not allow of its being quarried far in the 
direction of the inclination of the beds. 

Besides its employment as flux, this stone has been burned for lime to some extent at 
Narrainpur, where coal is raised, and at Barakar. The distance from the quarry to Barakar 
is about 10 miles, by a good kacha road as far as the Damuda, and over a metalled road lor 
the remainder of the way. 

The calcareous horizon may be traced in a north-easterly direction from Baghmara to 
near the Damuda, west of Narrainpur. But in this northern portion of the outcrop the 
bands are more earthy and impure than the lower one, at least, at Panchdt Hill. There 
appear to be three or four bands, whifch are all thjn and arenaceous. The sandstone, also, 
contains calcareous nodules. It would seem as if the deposition of earthy and sandy mate- 
rial has been greater to the north than at Panch^t Hill, and that the calcareous element has 
been more ‘diluted ' as it were. 
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A little south of the boundary between the Ironstone Shales and Raniganj group, at the 
villages of Jassaidhi and Gangutia (about two miles south-east of Barakar), a band of lime- 
stone is visible which seoms to belong to the same horizon. It is only a few feet thick, and 
gave on assay 38*2 per cent, of insoluble matter ; so that it is useless as a source of lime. 

It appears from the foregoing details that the calcareous bands arc in the Raniganj 
group, at the lower part of it. The contiguity of the Panchdt beds to the limestone, south 
of Baghmara, is therefore apparently due either to the unconformity between the Raniganj 
and Panchdt groups,* or to an undetected fault to the east of the limestone. 

H&nsapathar limestone . — Six miles west of Baghmara there is an abundant supply of 
limestone of good quality, occurring as a strong band in the gneiss. The country is open, 
with merely a thin cohering of soil, through which the rock penetrates in many places. 

In a quarry half a mile west of Hansapathar the outcrop is some 50 yards broad, the 
beds having an average dip of 30° to the north, giving a thickness of rock of 70 or 80 feet. 
Of this, I think, fully three-fourths are available limestone, the remainder consisting of in- 
ferior stone, and perhaps intercalated beds of gneiss. The quarry is near the bank of a small 
stream, and elevated 10 or 15 feet above it ; so that there is a large quantity of stone above 
the water-level. A little to the east, the dip (either by a very sharp twist, or by a fault) alters 
to east, and is nearly vertical. A short way north of Hansapathar some 25 feet of limestone 
is seen in another quarry, but this is only a portion of the whole. On the north side of 
Asia, again, the rock occurs in great force, dipping to the north at 50° — 80°. The breadth 
of the outcrop is about 60 yards, giving a thickness of, say, 150 feet, of which more than 
three-fourths is seen to be good stone, free from bands of gneiss, &c. The amount of fine 
drainage here is about the same as in the quarry first mentioned. The limestone is also 
exposed, although less fully, hall* a mile east of Asta. 

Considering, then, that the outcrop is visible for about two miles, and the thickness of 
the band, it is clear that the amount of stone within reach is very large indeed, while the 
thinness of the superincumbent soil, and the circumstances of the drainage, allow of its being 
worked under very favorable circumstances. 

The rock is a white crystalline limestone, which varies somewhat in texture. Some parts 
are comparatively fine-grained ; in others the crystalline facets are a tenth of an inch in 
diameter. Some beds contain strings and nests of quartz and felspar, and disseminated 
crystals of actinolite. When such impurities occur in large quantity, the beds containing 
them weather more slowly than the others, and stand out more prominently above the sur- 
face, Scales of brown mica (phlogopitc ?) are frequently scattered through the rock. 

The analysis of an average sample of this limestone yielded — 


Calcic carbonate ... ... ... ... 83*43 

M amnesic carbonate ... ... ... ... *78 

Ferrous carbonate ... ... ... ... *68 

Phosphoric acid ... ... ... ... ‘02 

Insoluble ... ... ... 16*18 


101*09 

Of the insoluble residue, 80*35 per cent, (or 13*00 per cent, of the limestone) is silica. The 
rock only contains a trace of sulphur (less than *01 per cent.) 


Fide Memoirs, Geological Survey of India, Vol. Ill, patfe 120. 
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The superiority of the Hansapathar rock to the lower band at Panch6t Hill is therefore 
less marked, with respect to the amount of insoluble impurity it contains, than might be 
expected from its outward appearance. A large proportion of this impurity consists of 
white, translucent, silicious grains, which are not easily detected by eye in the similarly coloured 
stone. But while the Panelist rock contains some 15 per cent, of carbonate of magnesia, 
the H&nsapathar contains scarcely any, being, with the exception of the insoluble matter, 
almost pure carbonate of lime. It contains 20 per cent, more carbonate of lime tlian the 
Panchet stone, and less phosphoric acid. 

Hence, both for use as a flux and as a source of lime, the H&nsapatliar rock is markedly 
superior. But it is also well worth attention as a marble. In texture, colour, and uniformity* 
it is, I think, equal to the average of the Rajputana marble, which is so well known from its 
employment in the Taj Mahal at Agra, and other monuments in the North-Western Pro- 
vinces* Many of the beds are several feet thick — some as much as six or eight ; so that 
blocks of any required size could be extracted. 

By the present route, via Baghmara and Narrainpur, the distance from Hansapathar to 
Barakar is about fifteen miles, of which eleven is over a kacha road, and the remainder over 
a metalled one. In a straight line, however, it is only twelve, and a direct kacha road, 
easily passable by country carts, could be made at a trifling expense. 

Crystalline limestone has also been found at Rampur and Bhargora by Mr. Ball, and by 
Mr. Willson at Mohada and east of the village on the bank of the Otla naddi. These places 
are all a mile or two west of Panchdt Hill. In none of them, however, can the rock com- 
pare with that of Hansapathar. The Rampur stone is the best, but even there the propor- 
tion of good stone is comparatively small. 

In addition to the two principal localities where limestone occurs, given above by Mr. Mallet, and which were 
both mentioned by me in an unpublished account ol tho district of Manbhum, it may be of interest to record the 
existence of some others in that district. The most important is situated on the main bounding fault of tho 
coal-field, close to the village of Jamuan, about five miloB to the south-west of llanigunj and nine miles south-east 
of Assunsole. There is no specimen of this rock at present available for examination, but when seen, it was noted 
as being apparently a tolerably pure limestone. As to its abundance, that can only be determined by opening up 
the ground at the time of its discovery, but a small quantity was visible. 

In the other localities the rock is magnesian (dolomitiej, and as such unsuited for a flux, but may prove useful 
for other purposes. One of these localities is situated on the cast of the village of Itamlallpur, two miles south of 
the above glveu position. The other is on the faulted junction of the crystalline and sub-metamorphic rocks close 
to the spot where copper ores* occur near one mile north-cast of Furdo, Pcrgumiali Manbazaar, and thirty miles 
cast-south-east from Purulia.— J. Ball. 


On some forms op Blowing-Machine used by the smiths of Uppee Assam, 
by F. R. Mallet, F.G.S., Geological Survey of India, 

The smelting of iron, which at one time was *an important industry in Upper Assam, 
more especially along the skirts of the Naga Hills, f has been extinct for many years. But 
although the Assamese, in that part of tho province at least, have ceased to produce iron 
themselves from the ore, there is still a not inconsiderable demand for manufactured articles 
dhaus and spears for barter with the Nagas holding a prominent place amongst such. The 
materials used now, however, are mainly English iron and steel, which, from their cheapness 
and the convenient forms in which they are to he had, have driven the native product out 
of the market. 

* 

As the contrivances used by the smiths of Upper Assam are essentially different from 
those met with in India proper (Peninsular India), the following descriptions may not be 

* Fide Records, 1870, p. 76. 

t Memoirs, Geological Survey of ludia, Vol, XII, p, 360. 
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without interest. In India, although the forms of apparatus vary greatly in different parts 
of the country, they are, I believe, all modifications of the bellows, the supply of air 
depending on the alternate expansion and contraction of one or a pair of vessels constructed, 
wholly or in part, of a flexible material, like leather or raw skin. The contrivances used 
in Upper Assam are blowing cylinders, made of rigid material. Some machines have a 
double-acting single cylinder ; others, a pair of single-acting cylinders. The first of these 
is the form most commonly used, and may, therefore, be given precedence. 

The cylinder (aa, plate I), about 3 feet long by 10 inches diameter and three-fourths of an 
inch thick, is cut out of a solid piece of wood ; the excavation of the interior, as well as the shaping 
of the outside, being done with the ordinary simple tools possessed by the villagers. I have 
never seen any cylinders which had been turned or bored. Into the ends, disks of wood are 
fitted by rough dove-tailing (bb), the circular joints between disks and cylinder being ren- 
dered air-tight with clay. In the centre of one disk is a small hole in which the piston- 
rod (c) works. The latter is generally made from a slip of hamboo split from a large-sized 
piece, and lias a diameter of, perhaps, three-eighths of an inch. At one end is a cross-handle (d) ; 
at the other, the piston (e) : this is a disk of wood somewhat smaller in diameter than the cylinder 
and having a groove cut in the circumference, into which strips of skin from the necks of 
cocks arc sewn by twine passing through holes for the purpose in the edge of the piston. 
The long, soft feathers fill up the space between the piston and cylinder, and produce but 
little friction, while not allowing much air to pass through. Kags are also sometimes used for 
this purpose, but am less effective. In both the end disks there is a double orifice (/) fittod 
with a valve (g) opening inwards ; the latter made of leather, or a couple of folds of stout 
pap jr, fastened at one side by a slip of wood nailed to the disk. The object of the orifice 
being double is, that the division in the middle may give support to the valve, and prevent it 
being forced out by the presence of the air when the piston is approaching it. 

Close to each end of the cylinder there is a hole (h) of an inch or so in diameter, 
which allows the air to pass into the tubes (it). These are semicircular channels, cut in a 
piece of wood (j) of nearly the same length as the cylinder, to the side of which it is" nailed. 
As the channels approach each other, they bend round and end in circular orifices (&), into 
which are fixed two bamboo blast-pipes (/), approaching each other at an angle of about 
20 degrees. These reach some way into the tuyere (i m ), which penetrates a clay screen (»), the 
use of which is to protect the blowing-machine from the heat of the charcoal fire (o). The 
cylinder is generally supported on a couple of pieces of wood (p ), so as to give the blast-pipes 
sufficient downward inclination. It is securely fixed by a stake (g) at each end driven into 
the ground. 

In using the machine, a man sits on the ground, and grasping the handle (d), works the 
piston backwards and forwards with a stroke of about two feet. When pulling, the valve (g') 
opens and admits air into the cylinder, while (g z ) shuts, so that the entire blast is driven 
through the pipe (P). In pushing, the action is, of course, reversed. The two defects of 
the machine are, that at the end of each stroke there is a momentary cessation of blast, and 
that a certain proportion of the air drawn into the cylinder is supplied by a return 
draft through the pipe (Z 1 ), which somewhat diminishes the force of the blast 
into the fire from (Z 2 ). The former defect could be remedied by adding an air-chamber, of 
sufficient capacity to steady the blast, between the pipes (Z) and the screen, one pipe of larger 
diameter than (l) projecting from the air-chamber into the tuyere. The latter defect could be 
obviated by closing the holes (A) or the pipes (Z) with valves opening outwards.* In practice, 
however, neither defect is of much consequence, as the machine, as it stands, answers the 


* This defect, and its remedy, has been already pointed out by Mr. Medlicott,— Memoirs, Geological Survey 
of India, Vol. IV, p. 413. 
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purpose for which it is intended, and gives as strong a blast as is required by the smiths, at 
the cost of a slight amount of extra labour. 

The double-cylinder machine, represented in plate II, was observed at Burliat on the 
Disang. Two wooden cylinders (aa), about 2 feet 6 inches high and 7 inches external dia- 
meter, are placed close to each other, and secured by being tied to two stakes (bb) driven 
into the ground ( ca represent the fastenings). The upper ends of the cylinders are open, 
while there is a hole (d) about an inch diameter in the side of each, near the bottom. The 
pistons are similar to that in the last machine, except that there are no handles at top of 
the rods. 

The man who works the machine stands behind it, holding the end of one piston rod 
in each hand, and working them up and down alternately, one being pushed down, while 
the other is being pulled up. This machine has the same defects as the first mentioned. 
As there is only one orifice into each cylinder, the entire indraught would pass through the 
blast pipe (e 2 ), and greatly diminish the blast into the fire, if the pipes were fixed to the body 
of the machine. But a space of an inch or so is left between the ends of the pipes and the 
cylinders. Through it the indraught (d 2 ) mainly takes place, while the force of the direct 
blast (d?) is not materially diminished. 

In the N6g£ village of Rangkatu (11 miles south-east of Makum) I observed an 
ingenious modification of this blower, constructed entirely out of bamboo. The cylinders 
(plate III) were each formed out of one segment about five inches diameter, with a 
portion of a second segment left below the joint, to allow of the whole being firmly planted 
in the ground. Between the cylinders, which were about a foot apart, an upright was 
fixed, with a cross-piece tied to it near the top. To this cross-pieco the piston rods were 
fastened, while at the extreme end was a string held by the smith. The piston remote 
from him being weighted with stones (aa), a continuous action was kept up by the smith 
alternately pulling the string down and allowing it to rise. This machine, although from 
its smaller size is less powerful than the second one, has an advantage over it in that it can be 
worked by the smith himself sitting over his fire, without the aid of an assistant. 

Although, as far as I am aware, blowing cylinders are not used in any part of Penin- 
sular India, they have been found # amongst widely-separated communities elsewhere. I 
am informed by Mr. W. Theobald that a pair of single-acting cylinders, similar to the second 
machine mentioned above, is commonly used in M&rtab&n and east of the Sittang, as well 
as, probably, in other parts of Burma. The same machine, but of larger dimensions, is also 
used in Borneo. The cylinder is “ made of the stem of a tree hollowed out, about 5 feet 6 
inches high and 3 feet in circumference.'** The natives on the north coast of New Guinea 
use a machine made, like that at Rangkatu, out of two large joints of bamboo. “ This 
instrument is identical with the bellows in use amongst the brown races of the Archipelago, 
from whom it may have been borrowed.**t A machine, resembling the Borneo one, is 
made use of by the natives of Madagascar, J who, it appears, may have derived their know- 
ledge of it from Malay sources ; and it appears that wooden blowing-machines are common 
amongst the Chinese, § from whom, or from the Burmese, it is probable that the Assamese 
have acquired a knowledge of the principle. 


* Pewy.— Metallurgy of Iron and Steel, p. 274. 

f The native races of the Indian Archipelago, Papuans, by G. W. Earl, m.b.a.s.— Ethnographical Library, 
Vol. I, p. 76. 

$ Percy.— Metallurgy of Iron and Steel, p. 277. 

§ Ibid, p. 274. 
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Analyses of Raniganj Coals, hy A. Tween, late of the Geological Survey of India. 

The analyses recorded in the following tables were made in the laboratory of the 
Geological Survey during the years 1870 to 1873. This detailed examination of Indian coals 
was undertaken by Dr. Oldham, then Superintendent of the Survey, in conjunction with 
Colonel Hyde, R. E., then Master of the Mint. A quantity of coal (about four tons) 
was sent by the leading coal companies from each of their principal pits. A large steam 
engine was set apart at the Mint, carefully fitted with instruments for recording the con- 
ditions of the experiments throughout, for the direct trial of these wholesale samples, each 
trial extending over several days. Portions of each coal were put aside at intervals during 
the feeding of the furnace, so as to ensure a fair average ; and this was sent to the laboratory 
for analysis. Thus, as to sampling, which is so important a matter in tlio case of analyses, 
when so very small a proportion is actually submitted to examination, it would seem that 
every precaution was taken to ensure a safe result. 

The trials at the Mint were of so tedious a nature, not only in execution but also as 
involving a mass of complicated calculations, that there was necessarily much delay in preparing 
the results, and the publication of the analyses was postponed that all might appear together. 
As these chemical results are, however, quite intelligible by themselves, and have a value 
quite independent of the other method of trial, it seems a pity not to give them to the public. 
They are, indeed, much the more accurate and absolute results of the two, being quite free 
from the many sources of error that beset the grosser method of experiment. The one 
doubt that affects the analytical method is that of correct sampling, and, as lias been said, 
every care was taken to ensure safety on this score. Some results of the practical experi- 
ments have been obligingly placed at our disposal by the Master of the Mint ; but unless 
accompanied by an account of the process of experiment and of calculation, the information 
would not be complete. For a like reason we do not publish some tests of the same 
coals kindly furnished by Professor Pedler, who, at Colonel Hydes request, had measured 
the evaporating power by Thompson’s calorimeter. Only one small fragment (about two 
or three cubic inches) of each coal was sent for this experiment, so the results could scarcely 
be taken as representative. 

The chemical examination was conducted in the following manner : — Several samples of 
each coal were sent, corresponding to the number of days of trial at the Mint. These were 
mixed together and broken up into small fragments, avoiding dust as much as possible. 
A portion was reserved, from which the analyses were made, and the specific gravity taken. 
The remainder was burnt in the following manner A small portion was first placed upon 
an open grate and the smokeless flame of a gas burner (over wire-gauze) placed underneath. 
When this was well kindled, the larger quantity was added, and a chimney placed on top ; 
a very perfect combustion was the result, the ash, before being disturbed, retaining the shape 
of the fragments of coal, and scarcely a particle falling through the grate. 

Two hundred grains of each coal were kept at a temperature of 212° for about four 

hours for determining moisture ; 50 grains were gradually heated in a closed crucible to 

bright redness for the volatile constituents and coke ; 100 grains were burnt in a plati- 
num capsule for estimating the ash. The carbon and hydrogen in the dried coal were 

estimated by combustion with oxide of copper in oxygen gas, and tfye sulphur by fusing with 
nitre, carbonate of soda, and common salt. For the analysis of the ash, 50 grains of the 
larger quantity burnt were taken. This was fused in two portions with the ordinary fusing 
mixture. The acid solution of one portion, after removal of silica, was divided for the 
estimation of the sulphuric acid and phosphoric acid. The remaining constituents were 
determined from the other portion. A separate portion of each ash was examined for 
alkali by digestion with water, but no more than a trace was found in any. 
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Name of colliery. 


1 

2 

1 

Babus61 (B.C.C.) 

2 

Maddapfir (B.C.C.) 

3 

Mangalpftr (B.C.C.) 

4 

Raniganj (B.C.C.) 

6 

Ditto (B.C.C.) 

6 

Ditto (B.C.C.) 

7 

Nimcha (B.C.C.) 

8 

Beldanga (B.C.C.) 

9 

Chin&ktiri (B.C.C.) 

10 

Purriapur (B.C.C.) 

11 

Dumakfcnda (B.C.C J 

12 

Sanktoria (B.C.C.) 

13 

Mangalpur (N.B.C.) 

14 

Dhadka (N.B C.) 

15 

BanaU (N.B.C.) 

16 

Mangalpur (N.B.C.) 

17 

Bolrtii (N.B.C.) 

18 

Baganath Bally (N.B.C.) 

19 

Fathdpfir (A.) 

20 

Sitarampur (A.) 

21 

Mohanpfir (A.) 

22 

Charanpur (A.) 

23 

Benodakatta (?) 

21 

Dhasal— C haukidanga 
(E.C.C.) 

25 

Charakdanga (E.C.C.) ... 

26 

Mangalpur (R.C.A.) 

27 

Puranadip (R.C.A.) 

28 

Dhasal (R.C.A.) 

29 

> Topasi (R.C.A.) 

30 

i Ditto (R.C.A.) 

31 

Nigiah (R.C.A.) 


Averages 



1 

Obdinaby Assay. 

COHBUBXlOir WITH 

Percentage 
coke in th 
dried coal. 

Moisture. 

| |s 

iS! 3 

u 

31 

3 

Total. 

Carbon. 

Hydrogen. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1-378 

66-8 

6-8 

27*4 

621 

13*7 


68*20 

6*04 

1-366 

65-8 

0-6 

27-6 

62’4 

13*4 


68*36 

4*99 

1-370 

67*8 

5-8 

26*4 

651 

12*7 


68-91 

4*80 

1*318 

64'6 

6-2 

29*2 

49’6 

16-0 


66-46 

4*89 

1-300 

66-0 

67 

273 

63*9 

121 


67-77 

4-79 

1-355 

65’4 

62 

28-4 

63-1 

12-3 


66*81 

4*80 

1-422 

690 

5-4 

25’6 

61*1 

17-9 


6394 

4*60 

1-458 

666 

5-2 

282 

48*4 

18*2 


64-28 

4-48 

1-370 

674 

4*6 

28-1 

54-4 

130 


6612 

408 

1-412 

70-5 

3-8 

267 

61-5 

190 


6307 

4*60 

1-368 

768 

2*0 

21-2 

63'4 

13*4 


7186 

467 

1-343 

74*6 

2-2 

23-2 

61-4 

132 


68-89 

4-52 

1-406 

70-2 

4-7 

25-1 

64-6 

15*6 

100 j 

6683 

474 

1414 

73-8 

40 

223 

66-7 

180 

D 

6304 

454 

1-369 

694 

42 

264 

66-3 

141 

100 

6998 

479 

1-389 

68*6 

C-4 

26-0 

63*4 

15-2 

100 

6538 

4*71 

1-386 

710 

3-0 

26-0 

56-3 

167 

100 

6912 

496 

1-412 

73-5 

34 

231 

54-7 

18-8 

100 


4*50 

1-462 

70*0 

4‘2 

25-8 

45-3 

24-7 

m 

68-21 

4*32 

1-379 

69*2 

2‘4 

28-4 

52-2 

170 

1 

6643 

477 

1-456 

716 

1-0 

17-4 

68*6 

230 

1 

66*66 

3‘46 

1-375 

666 

4-8 

28-6 

62*0 

14-6 


65-80 

4*64 

1-418 

80-0 

1*2 

18*8 

62*7 

17*3 

100 

7339 

401 

1-352 

654 

5-9 

28-7 

62-8 

12*6 

100 

67*38 

606 

1*885* < 

69*0 

5*4 

25-6 

54-5 

14’6 

100 

67*63 

479 

1-400 

672 

6-6 

26*3 

61*2 

16*0 

100 

64-49 

4-64 

1-501 

69-2 

6-5 

24-3 

455 

237 

■53 

IB' 

447 

1-384 

66-4 

58 

27*8 

51-0 

15-4 

100 

67*22 

471 

1*395 

670 

62 

26‘8 

61-0 

160 

100 

66-38 

472 

1-407 

660 

7-0 

27*0 

48*4 

17-6 

ET1 

\mm 

4-55 

1-394 

65*8 

60 

29-2 

48‘2 

17'6 

100 

63*77 

4*62 

1-393 

690 

4-8 

25‘83 

9 

63*2 

16*17 

100 

662 

4*64 


B. C. C.— Bengal Coal Company. 

N. B. C.—New Birbhftm Company. 
A.— Messrs. Apcar and Co, 


















Nitrogen. 
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Non.— The 31 samples of coal famished by the five great coal proprietors in the Raniganj coal-field, 
namely, the Bengal Goal Company, the Raniganj Coal Association, the Equitable Coal Company, the New Blrbhflm 
Coal Company, and Messrs. Apcar and Co., represent fairly the quality of fnol which can be supplied from our, 
oldest and most extensively worked coal-field. 


The large quantity of ash is the feature that characterises our Indian coals, and to this circumstance is duo 
their diminished vitality as contrasted with English coals. The proportion of oxygen, too, is a disadvantage, 
reducing the calorific power of the fuel ; but I do not perceive that, as compared with the average of British 
coals, thoBO of the Raniganj field show unfavourably. As regards sulphur, the Indian coals are on the whole more 
free from it than the English, the mean of— 


37 WelBh samples being 

8 Derbyshire „ „ 






... l*42'i 
... 101 

[playfair and Do la Beche’s 

28 Lancashire „ ,, 




... 1'42 ' 

17 Newcastlo „ „ 

8 Scotch „ „ 




. 

... *94 

... 1‘45 J 

f investigations. 


The excessive amount of ash is the chief defect of the coals raised in the Raniganj field, and I think it vain 
to expect that any deeper workings will effect any improvement in this respeot. 

A point of some interest, but which, unfortunately, the foregoing analyses bear upon but slightly, is the relative 
values of tho coals from the upper and the lower measures; Out of all the samples there are only two from tho 
lower measures— No. 11, Dfiraakfinda pit coal, owned by the Bengal Coal Company, and No. 23, Benodakatta quarry 
coal, belonging to Messrs. Apcar and Co. The accident of distribution has rendered tho bedB of the upper measures 
most accessible, and it is amongst them that the greatest number of collieries have been opened out; hence there is 
a largo preponderance of samples of the upper coals. Tho Oumakfinda and Benodakatta coals both appear to be of 
high heating power, and their theoretical fuel-value expressed in heat-units is as compared with carbon as 
follows :— 


Carbon 8080” (Centigrade.) 

Dfimakfinda 7040° 

Bdnddakatta 7023° 

In none of the coals of the upper measures does the calorific power when theoretically calculated exceed that 
of these two samples ; and though the above figures may not be accepted as the true gauge of the practical working 
value of these coals, I think they tend to show that the beds of the lower measures are worthy of attention. 
Tho ultimate analysis of these two coals indicates a highor percentage of carbon than in any others, and a less 
amount under the head of oxygen and nitrogen, both of which are important circumstances in their favour. 

I have heard practical men express very conflicting opinions about both of these coals : each one was, probably, 
speaking according to his conviction; bat with the evidence of the analyses before me, I am inclined to ask 
whether those who condemned the coals saw them fired under suitable conditions. 

Of gas-coals, tho best known is Sanktoria, which yields about 9,000 cubic feet per ton ; the scam varies in quality 
along its strike, at Belrui there being a loss percentage of permanent gases in the volatile matter than at 
Sanktoria. The analyses of these two samples from the samo seam show for Sanktoria coal 25*4 per cent, of total 
volatile matter, and for Belrui 29 per cent, yet Sanktoria coal yields more cubic feet of gas per ton. I draw 
attention to this circumstance in order to illustrate the fact that comparisons between tho total amounts of volatile 
matter arc no guide to the relative gas-produciug merits of coals. 


T. W. II. HUGHES, 


DONATIONS TO THE MUSEUM. 

(April to June 1877.) 

Two pieces of the Sitathali Meteorite of 4th March 1875. 

Weight, 1228 and 717 grains, presented by t 

H. Bead, Esq., 

Deputy Commr.y Raipur , 

(i through V. Ball, Esq.) 
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ADDITIONS TO THE LIBRARY 
From 1st Apbil to 30th June 1877. 


Titles of Boohs . Donors . 

Edwards, Milne. — Recherches Anatomiques et Paldontologiques des Oiseaux Fossiles do 
la France. Vols. I and II, with 2 vols. of Plates (1867-71), 
4to, Paris. 

Heer, Dr. 0. — Flora Fossilis Arctica. Die Fossile Flora der Polarliinder. Band IV (1877), 
4to, Ziirich. 

Heeb, Dr. Oswald. — Flora Fossilis Helvetia?. Lief. II (1877), 4to, Zurich. 

Jentzsch, Dr. A. — Bericht iiber die geologische durchforschung der Provinz Preussen 
(1877), 4to, Konigsberg. 


The Author. 


Malet, H. P. — Incidents in the Biography of Dust (1877), 8vo, London. 

Meneqhini, Prof. G. — Nuove specie di Phylloccras e di Lytoeeras del Liassc superiore 
d’ltalia, 8vo pamphlet, Pisa. 

Naumann, C. F. — Elementc der Mineralogie (1874), 8vo, Leipzig. 

Pumpelly, R., Brooks, T. B., and Schmidt, A. — Iron ores of Missouri and Michigan. 

With Atlas of Plates (1876), 4to, New York. 

Troschel, Dr. F. H.— Das Gebiss der Schnecken. Band II, lief 4 (1875), 4to, Berlin. 


PERIODICALS, SERIALS, &c. 


American Journal of Science and Arts, 3rd Series, Vol. XIII, Nos. 75 — 77 (18 77), 8vo, New 
Haven. 


The Editors. 


Annalcs des Mines, 7th Series, Vol. X, livr. 4 & 5 (1876), 8vo, Paris. 

L'Admins. des Mines. 


Annales des Sciences Naturelles. Botanique. 2nd Series, Vols. I (1834) to XX (1843) ; 3rd 
Series Vols. I (1844) to XX (1853) ; 4th Series, Vols. I (1854) 
to XX (1863) ; and 5th Series, Vols. I (1864) to XX (1874), 
8vo, Paris. 

Annals and Magazine of Natural History, 4th Series, Vol. XIX, Nos. Ill — 113 (1877), 
8vo, London. 

Archiv fur Naturgeschichte, Jahrg. XXXVIII and XXXIX, heft 1 — §, Jhrg. XLII, heft 4; 

and XLIII, heft 1 (1872, 1873, 1876, and 1877), 8vo, Berlin. 

Bibliothcque Universelle et Revue Suisse. New Series, Vol. LVII, Nos. 225, 226, 228, 
and 230 to 232 (1876), 8vo, Lausanne. 

„ „ Archives des Sciences Physiques et Naturelles, New Series, 

Vol. LVII, No. 225 (1876), 8vo, Geneva. 

Geographical Magazine, Vol. IV, Nos. 3 — 6 (1877), 8vo. London. 

Geological Magazine, New Series, Decade II, Vol. IV, Nos. 3 — 5 (1877), 8vo, London. 

Journal de Conchyliologie, 3rd Series, Vol. XVII, No. 1 (1877), 8vo, Paris. 

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science, 5th Series, 
Vol. Ill, Nos. 17—19 (1877), 8vo, London. 

Nature, Vol. XVI, Nos. 384 — 397 (1877), 4to, London. 

Neues Jahrbuch fiir Mineralogie, Geologic, und Palacontologie, Jahrg, 1877, heft 3 and 4 
(1877), 8vo, Stuttgart. 
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Petebmann, Db. A. — Geographische Mittheil ungen, Band XXIII, Nos. 2 — 6 (1877), 4to, 
Gotha. 


„ „ „ Supplement Band L and LI, and 

Index from 1866—1874 (1877), 4to, Gotha. 

Poggendorff, J. C. — Annalen der Physik und Chemie, Band 160, Nos. 1 — 8 (1877), 
8vo, Leipzig. 

Professional Papers on Indian Engineering, 2nd Series, Vol. VI, No. 24 (1877), 8vo, 
Roorkee. 

Thomason College of Civil Engineering. 


Quarterly Journal of Microscopical Science, New Series, No. LXVI (1877), 8vo, London. 

„ ot Science, No. LIV (1877), 8Vo, London. 

The Atkenamm, Nos. 2576 — 2589 (1877), 4to, London. 

The Chemical News, Vol. XXXV, Nos. 901—916 (1877), 4to, London. 

The Colliery Guardian, Vol. XXXIII, Nos. 844 — 867 (1877), folio, London. 

The Mining Journal, with Supplement, Vol. XLVII,Nos. 2167 — 2180 (1877), folio, London. 
Wurttcmbergische naturwissenschaftliche Jahreshefte Jahrg. XXXIII, heft. 1- 2 (1877), 
8vo, Stuttgart. 


GOVERNMENT SELECTIONS, &c. 


Assam. — Report on the Administration of the Province of Assam for the years 1874-75 
and 1875-76, with Statistical Returns (1877), 8vo, Shillong. 

Chief Commissioner of Assam. 

India. — Annual Administration Report of the Naga Hills Political Agency for 1875-76 
(1876), 8vo, Simla. 

Foreign Department. 

„ Blanfobd, H. F.— Report on the Meteorology of India in 1875 (1877), 4to, 
Calcutta. 

Meteorological Department. 

„ Elliot, J.— Report of the Vizagapatam and Backergunge Cyclones of October 
1876 (1877), 4to, Calcutta. 

Ditto. 

„ Report on tl\e Administration of the Meteorological Department of the Government 
of India in 1875-76 (1876), 4to, Calcutta. 

Ditto. 
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General Administration Report of the Garo Hills District for the year 1876-76 
(1876), 8vo, Simla. 


Foreign Department. 


Hennessey, J. B. M. — General Report on the operations of the Great Trigono- 
metrical Survey of India during 1875-76 (1877), f'cap, Calcutta. 

Department of Revenue, Agriculture, and Commerce. 
List of Civil Officers holding gazetted* appointments under the Government of 
India in the Home, Legislative, and Foreign Departments on 
the 1st of January 1877 (1877), 8vo, Calcutta. 

Home Department. 
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India. — List of Officers in the Survey Departments on the 1st April 18 77, (187 7), f cap, 
Calcutta. 

Department of Revenue, Agriculture, and Commerce. 

„ Selections from the Records of the Government of India, Foreign Department, 
No. 130. Report on the Administration of the Ajmcre and 
Mhairwarra Districts for 1875-76 (1876), 8vo, Calcutta. 

Foreign Department. 

„ Selections from the Records of the Government of India, Foreign Department 
No. 134. Annual Administration Report of the Munnipoor 
Agency for 1875-76 (1877), 8vo, Calcutta. 

Ditto. 

„ Walter, Major C. K. M. — Gazetteers of M dr war, Mallani and Jeysulmere (1877), 
8vo, Calcutta. 

Ditto. 

Madras.— Report on the Administration of the Madras Presidency for the year 1875-76 
(1877), 8vo, Madras. 

Madras Government. 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES. 

Basel. — Abh an dl ungen der Schweizerischen Palaontologischen Gesellschaft, Yol. Ill (1876), 
4to, Basel. 

Batavia.— Notulen van do Algemeene en Bestuurs— Vergaderingen van het Bataviaasch 
Genootschap, Yds. XIII, Nos. 3 and 4, and XIV, No. 1 (1876), 
8vo, Batavia. 

The Society. 

„ Tijdschrift voor indischo Taal — Land 1 — en Volkenkunde, Yol. XXIII, pts. 2 and 
4 (1876), 8vo, Batavia. 

Ditto. 

„ Stuart, Dr. A. B. C. — Kawi Oorkonden, with Plates (1875), 8vo, Batavia. 

Ditto. 

Berlin. — Monatsbericht der konig. Preuss. Akademie der Wissenschaften zu Berlin, 1876 
Nov. to Dec., and 1877 Jan. to Feb. (1876*77), 8vo, Berlin. 

The Academy. 

„ Zeitschrift der Deutschen Geologischen Gesellschaft. Band XXVIII, heft 3 and 4 
(1876), 8vo, Berlin. 

The Society. 

Bombay. — Journal of the Bombay Branch of the Royal Asiatic Society, Yol. XII, 
Nos. 33 and 34 (1877), 8vo, Bombay. 

The Society. 

Boston. — Memoirs of the Boston Society of Natural History, Yol. II, Part IV, Nos. 2 — 4 
(1875-7 ), 4to, Boston. 

t The Society. 

„ Occasional Papers of the Boston Society of Natural History, No. II. The Spiders 
of the United States, by N. M. Hentz. (1875), 8vo, Boston. 

Ditto. 
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Boston. — Proceedings of the Boston Society of Natural History, Vols. XVII, Parts 3 and 4 
and XVIII, Parts. 1 and 2 (1876-76), 8vo, Boston. 

The Society. 

Buffalo. — Bulletin of the Buffalo Society of Natural Sciences, Vol. Ill, No. 3 (1876), 
8vo, Buffalo. 

The Society. 


Calcutta. — Journal of the Asiatic Society of Bengal, New Series, Vols. XLV, Part II, 
No. 4, XLVI Part 1, No. 1, and Part II, No. 1 (1877), 8vo, 
Calcutta. 


The Society. 


h 


Proceedings of the Asiatic Society of Bengal, Nos. 1 — 6 (1877), 8vo, 
Calcutta. 


Ditto. 


„ Index to the first eighteen volumes of the Asiatic Researches. (1835), 4to, 
Calcutta. 

Dresden. — Sitzungsberichte der Naturwissenschaftlichen Gesellschaft Isis in Dresden, 
July to December 1876 (1876), 8vo, Dresden. 

The Isis Society. 


Edinburgh. — Proceedings 


of the Royal Society of Edinburgh, Vol. IX, No. 93 (1876), 
8vo, Edinburgh. 

The Society. 


» 


Transactions of the Royal Society of Edinburgh, Vol. XXVII, Part 4 (1876), 
4to, Edinburgh. 


Ditto. 


Transactions of the Royal Scottish Society of Arts, Vol. I, Parts 1, 3, and 4, 
to VIII, Part 2, and IX, Part 4 (1876), 8vo, Edinburgh. 

The Society. 


Geneva. — Mdmoires de la Socidtd de Physique et d’Histoire Naturelle de Geneve, 
Vols. XIII-XVII, XIX, pt. 2, XX— XXII (1852-73), 4to, 
Geneva. 

„ Memoires de la Socidtd de Physique et d’Histoire Naturelle de Genbve, Vol. XXIV, 
Part 2 (1876), 4to, Geneva. 


The Society. 


Glasgow.— Catalogue of the Western Scottish Fossils (1876), 8vo, Glasgow. 

Geological Society of Glasgow. 


„ Notes on the Fauna and Flora of the West of Scotland (1876), 8vo, Glasgow. 

Nat. Hist. Soc., Glasgow. 

Lausanne. — Bulletin de la Societd Vaudoise des Sciences Naturelles, 2nd Series, Vol. XIV, 
No. 77 (1877), 8vo, Lausanne. 


The Society. 

London. — Journal of the Anthropological Institute of Great Britain and Ireland, Vol. VI, 
No. 3 (18772* ^ vo » 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland, Vol. IX 
Part 1 (1876), 8vo, London. 


The Society. 
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London.— Proceedings of the Royal Geographical Society, Vol. XXI, Nos. 1 — 3 (1877), 
8yo, London. 

The Society. 

„ Proceedings of the Royal Institution of Great Britain, Yols. VII, Parts 5 and 6, 
and VIII, Parts 1 and 2 (1875-76), 8vo, London. 

The Institute. 

„ Proceedings of the Royal Society, Vol. XXV, Nos. 176—178 (1877), 8vo, 
London. 

The Society. 

„ Philosophical Transactions of the Royal Society of London, Vols. 165, Part II, 
and 166, Part I, with List of Fellows for 1875 (1876), 4to, 
London. 

Ditto. 

„ Quarterly Journal of the Geological Society of London, Vol. XXXIII, Part I, 
No. 129 (1877), 8vo, London, 

The Society. 

„ Ray Society. — Bowebbank, J. S. — A Monograph of British Spongiadse, Vol. Ill 
(1874), 8vo, London. 

„ „ Buckton, G. B — Monograph of the British Aphides, Vol. I 

(1875), 8vo, London. 

Manchesteb, — Transactions of the Manchester Geological Society, Vol. XIV, Parts 8 — 10 
(1877), 8vo, Manchester. 

The Society. 

Melboubne. — Reports of the Mining Surveyors and Registrars for quarter ending 31st 
December 1876 (1877), f’cap., Melbourne. 

Govebnment Mining Depabtment. 

„ Transactions and Proceedings df the Royal Society of Victoria, Vol. XII 

(1876), 8vo, Melbourne. 

The Society. 

Moscow.— Bulletin de la Soci£t£ Imperials des Naturalistes de Moscou, Tome LI Nos. 2 
and 3 (1876), 8vo, Moscow. 

The Society, 

„ Nouveaux M6moires de la Socidtd Imp6riale des Naturalistes de Moscou, 
Vol. XIII, Part 6 (1876), 4to, Moscow. 

Ditto. 

New Haven. — Transactions of the Connecticut Academy of Arts and Sciences, Vol. Ill, 
Part 1 (1876), 8vo, New Haven. 

The Academy. 

Pabib.— B ulletin de la Soci6t6 G5ologique de France, 3rd Series, Vol. IV Nos. 7 and 8, and V 
Nos. 1 and 2 (1875-76), 8vo, Paris. 

• The Society. 

Philadelphia.-* Journal of the Franklin Institute, 3rd Series, Vol. LXXIII, Nos. 3—5 
(1877), 8vo, Philadelphia. 


The Institute. 
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Philadelphia. — Proceedings of the American Philosophical Society, Vol. XVI, No. 97 
(1876), 8vo, Philadelphia. 

The Society. 

Rome.— Atti della R. Accademia dei Lincei, Series III, Vol. I, Nos. 3 — 6 (1877), 4to, 


The Academy. 

Bollettino R. Comitato Geologico d’ Italia, Nos. 1 — 4 (1877), 8vo, Rome. 

Geological Commission of Italy. 

Cenni sul Lavoro della Carta Geologica, 1876 (1877), 8vo, Rome. 

Ditto. 


Salem. Mass. — Bulletin of the Essex Institute, Vol. VII (1876), 8vo, Salem, Mass. 

The Institute. 

„ Proceedings of the American Association for the Advancement of Science 1 , 

Vol. XXIV (1876), 8vo, Salem, MassachusetB. 

The Association. 

Toronto. — Canadian Journal of Science, Literature and History, New Series, Vol. XV 
No. 4 (1877), 8vo, Toronto. 

The Institute. 

Vienna. — Denkschriften der kais. konig. Akademie der Wissenschaften, Band XXXVI 
(1876), 4to, Wien. 

The Academy. 


Sitzungsberichte der kais. konig. Akademie der Wissenschaften. Band LXX1, 
Abth. Ill, heft 3—6; LXXII, Abth. I, heft 1—6, Abth. II, 
heft 1—6, Abth. Ill, heft 1—5 ; and LXXIII, Abth. II, heft 
1—3 (1875-76), 8vo, Wien. 

Ditto. 

Jahrbuch der kais. konig. Geologischen Reichsanstalt, Band XXVI, Nos. 3 
and 4 (1876), 8vo, Wien. 

The Institute. 

Verhandlungen der kais. konig. Geologischen Reichsanstalt. Jahrg. 1876 
Nos. 11—17 (1876), 8vo, Wien. 

Ditto. 

Jahresbericht des Wissenschaftlichen Club (1876-77), 8vo, Wien. 

The Club. 


Washington. — Bulletin of the United States Geological and Geographical Survey of the 
Territories, Vols. II, Nos. 2 — 4, and III, No. 1 (1876-77), 8vo, 
Washington. 

The Subvby. 

»> Hayden, F. V.— Annual Report of the United States Geological and Geo- 

graphical Survey of the Territories embracing Colorado and 
parts of adjacent territories (1876), 8vo, Washington. 

Ditto. 

„ Hayden, F. V. — Catalogue of the publications of the United States Geo- 

logical Survey of the Territories, 1st and 2nd Editions (1874 
and 1877), 8vo, Washington. 


Ditto,. 
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Washington. — Powell, J. W. — Report on the Geology of the Eastern portion of the 
Uinta Mountains, with Atlas (1876). 4to, Washington. 

The Survey. 

„ Report of the United States Geological Survey, Vol. IX, Invertebrate 

Paleontology by F. B. Meek ; Vol. X. Monograph of the Geo- 
metrid Moths by A. S. Packard (1876), 4to, Washington. 

Ditto. 

Yokohama. — Mittlieilungen der Deutschen Gesellschaft fur Natur und Volkerkundc Osta- 
siens, Heft. IX — XI (1876), f’cap, Yokohama. 

The Society. 

„ Das Schoene Maedchen von Pao. I and III (1876), f’cap, Yokohama. 

Ditto. 

Zurich. — Nouveau* M&noires de la Societe Helvetique des Sciences Naturelles, Band 
XXVII, Abth. I (1876), 4to, Zurich. 

MAPS. 

Marcou, Jules. — Geological Chart of the World, 1877. 
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Note on the bocks of the Loweb GodAvabi, by W, King, a, b., f. g. Geological 

Survey of India . 

In the Madras Presidency my work of last season was carried on in the Godavari 
District, the Nizams Dominions adjacent to this, and thence northwards by Sironcha and 
Maleri, over which latter country Mr. Hughes and I made a joint survey of some unsettled 
features in its geology. 

In the Godavari District, as far as it is included in Sheet 94, the survey of all the 
more important formations has been completed ; while the area of the crystalline rocks, 
though not examined in much detail, has been ascertained, and the inland boundaries of the 
great alluvial deposits of the Delta and thence along the coasts have been laid down. 

In addition to the regular survey of the country, I was occupied for some time in 
directing the coal-borings at Beddadanole, which were carried on until the end of May, when 
the works were stopped by the coming on of the monsoon. Some delay was caused by the 
loss of horing rods and the unsuitability of the tools for greater depths than 350 feet ; but 
sufficient exploration hod been made to lead me to the conclusion that it was not advisable 
to continue the trials any longer. The trial borings were made over about one-third of 
the area of the field, sixteen holes were put down, from 193 to 356 feet in depth, and 
six seams of carbonaceous clays, clays with films of mineral-charcoal, and coaly shale were 
passed through. None of the coaly material met with was of any use as a fuel ; and there 
were no indications of improvement in the seams as they were tested in their extension. 
From the floor of the field, which was struck on its eastern edge, to the highest exposed beds 
as they crop out from under the K&mthis on the western edge, there was no improvement 
in the seams as to their depth in the field. The line of bore-holes across the stfiWlead me 
to conclude that more than 600 feet of Bar&kars were pierced. On the other hand, the coun- 
try of Kdmthis to the westward, overlying any possibly hidden seam in the upper part of 
the Bardkars, rises too rapidly to allow of search in that direction to moderate depths with 
any hope of success. On these grounds I sent in my final report to the Madras Govern- 
ment, advising that the explorations should be discontinued ; and the order thereon has since 
been issued intimating that it is not necessary to continue the borings ; but that it may be 
worth while having a shaft sunk to see the material of the best seam in some quantity. 
I am, on this, directed to advise the Executive Engineer in charge as to the site of such 
shaft in case of its being decided to excavate it* 
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In my rapid and ratber devious march northwards from the Godavari District to the 
Central Provinces I was enabled to trace, on the western or Hannamcondn side of the country 
in the Nizam’s Dominions, the connexion of the Godavari Gondw&nas with their equivalents 
around Sironcha, Kota and Maleri ; while some further extension of the coal-measures was 
found to he probable to the north of the Kamarum coal field near Pakhal. 

Much of my time during the early part of the season was occupied in going over old 
ground in the Godavari District, examining the details of groups of rocks, so that the area of 
country surveyed is not large ; hut in the traverse to the north a tolerably fair knowledge 
was obtained of the general character and relations of the rocks of a new area extending 
over about 2,000 square miles, or 1,590 square miles in Sheet 74, and in the Hyderabad 
Sheet 400 square miles. 

The succession of groups of rocks in the Godavari District (Sheet 94) remains the 
same as has been already pointed out in my previous notes ; but some alterations as to 
the extent of these and a revision of their boundaries have become necessary in consequence 
of my having found last year that the patch of sandstones (Golapilly) north-north-west of 
Ellore is mostly of the Rajmehal group, and not, as was at first considered, of Kamthi age. 

The groups which I would now finally put forward for the different scries in this 
district, and tentatively for those in the parts of the Nizam’s Dominions and Central 
Provinces lately examined, are as follows, in descending order : — 




i 

Godavari District. 

Nizam's Dominions. 

Central Provinces. 



(Sheet 04). 

(Sheet 74). 

Pakhal, Modapur, Chinnur 

(SheetB 73 and 74.) 
Sironcha, Ac. 



Alluvium. 



Tortiarj ... ...j 

( 

Secondary .. Lamcta ^ 

Kajahmandry sandstones (Cud- 
dalore sandstone of H. P. Blan- 
ford). 

Kartairoo traps and inter- 
trappeans. 

Pangady infratrappeans.* 



Deccan Trap. 


r Jabalpur 

Tripetty sandstones... 

... 

Chikiala sandstones. 

Upper 

Gondwanas. 

_ Rajmehal 

Ragavapuram shales 

Golapilly sandstones 

... 

Sironcha sandstones 

Kota and Maleri beds. 

Sironcha sandstones. 

Lower 

Gondwanas. 

Kamthi 

L 

Dummapett sandstones ...) 

Chintalpoody sandstones ...J 

Barak ars (Beddadanole and 

Badrachcllum, Ac.). 

Lingagoodium sandstones) 

P Tarcherla sandstones ) 

Barakare (Kamarum and 
Singareny). 

? Tarcherla sandstones (at 
Kaleswarum). 

Barak ars (Nandpa, Chanda 
Sheet). 


Takhirs (Badrachellum Ac.). ... 

Talchirs (Singareny, Kama- 
rum, Gullady, Ac). 

Talchirs (Nandpa). 

Vindhyans 

Crystalline 

... 

Kadapahs (western side of 
Sheet 04). 

Gneiss (Garnetifcrous) 

Kadapahs (Pakkal and 
Chinnur). 

Gneiss (Granitoid). 

Knrnuls, (Nandpa, Ka- 
mana, Ac. 

Kadapahs (Naudpa). 


The Godavari District. 

The Upper Gondwanas, consisting of Tripetty sandstones, Ragavapuram shales, and 
Golapilly sandstones, occur as a nafrow belt of^rom 10 to 15 miles in width across 
the district in a west-south-west to east-north-east direction, from the neighbourhood of Ellore 


* 1 think the fossils of the Pangady Infratrappeans (Lamcta) show cretaceous affinities.— W K. 
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to near Tallapoody on the right bank of the God&vari, and thence by a few distant outliers of 
the upper group near Innaparazpolliam in that part of the Vizagapatam district inducted 
in this sheet of the Atlas. 

The main belt rises up at a low angle (5° to 10°) from the western edge of the 
Godavari delta, or from under the Rajahmandry sandstones and the Dcccan traps and 
infratrappeans of Pangady, and presents a low, sloping and scarped edge to the north-west, 
or towards the Chintalpoody country of Kamthis, which in its varied surface of hills and 
plains presents a marked contrast to the uniform surface of the series now under notice. 

The grouping of the series is very clear in its main belt between the God&vari 
and the Ellore river (Tormalair). Uppermost, there is a thin (40 feet) set of dark-brown 
and red sandstones and conglomerates, essentially ferruginous, with silicio-argillaceous 
conglomerates and pebble-beds, and bands of concretionary clay-iron-stones. These arc 
ra her softer and more varied in colour towards the bottom, becoming harder and more 
ferruginous as they are traced upwards, and the upper beds are the heavy ferruginous 
conglomerates and lateritoid patches which make up the Yernagoodem and Yadavolo 
country sloping down to the Delta. On a conspicuous point of the north-west scarp is 
the well-known Pagoda of Chinna Tripetty, whence the name of the group. 

The Tripetty beds, in the main area, have as yet only yielded a few indistinct 
fragments of fossil wood ; but from the Innaparazpolliam outliers, which I consider to 
belong to this group, a small collection of fossils was obtained, from which Dr. Stoliczka 
inferred that the rocks must be of uppermost jurassic age, because the fossils arc allied to 
those of his Umia beds in the Kachh series. 

Below the Tripetty scarp and near Ragavapuram, these sandstones are seen to 
pass down by softer and less sandy beds into a set of white and buff shales, having a 
few beds of sandstone near the bottom. Near Ragavapuram, in the slope of an outlying 
plateau, numerous fossils occur in these shales, among which a Leda is the most common 
form, ranging through all the beds, and with this are associated fewer specimens of 
Pecien, Gervillia, Sfc and a few cycloid fish-scales. About one-third way up the group are 
some thin yellow and brown flaggy and shaly sandstones, in which specimens of an 
Ammonite are frequent, with many fragments of Ptilophyllum ( Palceozamia ) and a few 
other plant remains. 

The shales form a lenticular patch between the upper and lower sandstones of 
about twenty miles in length along the scarped edge of the series, being well overlapped at 
each end by the Tripetty sands, which then rest on the bottom group. Near Talapoody, 
and as outliers near Innanparazpolliam, the Tripetty beds overlap tbe lower sandstones and 
rest directly ^on gneiss. 

The Ragavapuram beds are very like the Rajmchal shales of the Trichinopoly and 
Nellore Districts ; and they resemble, except in being less hard and porcellanic, the fossili- 
ferous shales found last season by Mr. Foote in the Nellore and Kistnah Districts, 
which contain, I believe, some plants and molusca similar to those of Ragavapuram. 

Below the shales comes another set of brown and red sandstones and conglo- 
merates, which, in the main area, have not yet yielded any fossil remains except indistinct 
fragments , of stems. At either end of tbe belt, these rest on tbe gneiss, though for 
the rest of their extent they rest uncoufbrmably on tbe Kamthis or Chintalpoody sandstones ; 
and at one or two points near Kanlacheroo they form small cappings to isolated hills 
of the same series. 



|V0T,. X. 


^ 88 Records of the Geological Survey of India . 

At the Tripetty end of the belt, this lower member is rather thin, and is especially 
marked by a very heavy dark-brown ferruginous conglomerate, and a strong conglomerate 
of clear quartz pebbles in a chocolate-brown silicious clay-stone (ratber jaspery in 
appearance) or very hard compact sandy clay-stone* 

At the Ellore river, the main band of Upper Gondwanas is separated from a 
more western area of plateau and scarped sandstones by an interval of alluvium. 
These constitute the Golapilly country, and it was from the low plateau to the west of 
Golapilly, near the village of Bavacherla, that I obtained the series of plant remains which 
led Dr. Feistmantel to consider these sandstones as of R^jmeh&l age. 

This finding of the fossils at once confirmed me in my ideas as to the Golapilly area 
being an extension of the Tripetty beds and subjacent sandstones ; and I was finally led to 
consider these latter as representing the lower group of sandstones, but considerably thickened 
out. At the same time, the Golapilly plateaus are, I think, composed in their upper 
beds of Tripetty sandstones, while the capping of the higher parts, as Doodoogut hill, 
are of the Kajahmandry sandstones. It is in these higher conglomerates and pebble beds 
that the old diamond mines or pits are excavated near Mulaily and Golapilly. 

Mr. Blanford found, and I have since seen myself, remains of Glossopteris and 
Vertebraria at the extreme northern edge of the Golapilly and Nuzaweed area of 
sandstones near the village of Somavarum ; and this naturally led him, in addition to 
the general lithological characters, to consider the whole area as of Kamthi age. The 
plateau-form of the low hills even in the Somavarum parts of the area is, however, so con- 
stant, and the lithological resemblance between the conglomerates to the south-west of the 
village and those in the sandstones underlying the Ragavapuram shales is so strong, that 
I was obliged to look on this area as all of Upper Gondwanas, the Glossopteris and 
Vertebraria beds close to Somavarum being merely a remnant of the Kamthis, whilst there 
is no evidence of unconformity afforded by any striking change in the lie of the beds. 

Certainly, between Somavarum and the north-west base of the Doodoogut pla- 
teau, the strata are generally unlike Kamthi beds. They are rather fine-grained, thin- 
bedded and platy micaceous sandstones ; and these lie on a heavy conglomerate (ferruginous) 
such as may often be seen in both Upper and Lower GondwAnas, though it struck me 
that here it is most like the jaspideous conglomerates in the group below the Ragavapuram 
shales. 

As already stated, the wide outcrop of the Upper GondwAna beds with the gentle slope 
from the north-west, and the plateau-like character of the outlying hills, more especially in the 
Gollapilly and Sonavarum country, are wonderfully characteristic in contrast to the Chintal- 
poody country of Kamthis ; but a further reason for my thus limiting the area of the Upper 
Gondwanas is the fact of their gneiss-floor being such as to have aided in giving them 
their flat lie, and that its evenness of surface does not extend under the KAmthis. 

At the Golapilly end of the country, also near Talapoody on the GodAvari, and 
thence east-north-eastward, the crystallines rise from the alluvium in long slopes, 
remarkably like those of the sandstones, and form plateau-like hills which are escarped 
to the north-west. Beyond these are further groups of hills and ridges, nearly all 
of which are more or less flat-topped^ their upper surfaces having also a gentle 
rise to the north-west, until they reach their highest level (about 2,000 feet) in the 
Fapacood* or Bison hill-range, through which the GodAvari has cut its great gorge. 
He same features are likewise seen very clearly in the numerous kills between Golapilly 
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and Bezwada in the south-west corner of the sheet ; and the obvious conclusion is 
that these flat, elevated areas are really the remains of an old marine floor on which the 
upper sandstones were deposited. 

Near Innaparazpolliam the fossiliferous sandstones are lying or shoring up on the 
first slopes of this even floor of gneiss. The same sandstones, and also those of the lower 
group, are shoring up over the denuded gneiss of Talapoody ; and this shelving character is 
clearly evident at Golapilly. 

On the other hand, the Kamthis of Chintalpoody, &c., are not lying on any north- 
west extension of this marine plateau, hut are at a generally lower level, and on what must 
be a much more uneven floor which may, it is true, have been cut out of the old marine 
plateau, or may even have existed, with its Lower Gondwanas on it, before the Upper Gond- 
w&na floor had been pared down. 

On the last point, as to the post-K&mthi formation of this floor, there is some 
evidence in the even strike of the Upper Gondwanas right across the Kamthi area. But 
this, with the kindred questions as to the direction of the slope of the old Kamthi valley, 
and the possibly much later age of the present Godavari valley, must be left for future 
consideration. 


Lower Gondwanas. 

No further examination was made of the Kamthis during this season, except in a 
general way while working along the north-west edge of the Golapilly group, or in crossing 
to and from the Beddadanole basin of Barak ars. 

• 

It seemed to me, all through my work, that there may be good reasons for the eventual 
distinction of the sandstones of Chintalpoody and its neighbourhood, from a higher group 
to the north represented by very coarse, softish, white, purple and grey sandstones in the 
plateau hills around Dummapett in the Nizam s Dominions, to the west of Asharaopett. 
The Chintalpoody group is characterised by rather less coarse beds of more varied 
colors of red, brown and purple, while they are generally more ferruginous than those of 
Dummapett. There are also rather marked seta of beds full of nests and lumps of white, 
yellow and red indurated clay or hard (non-laminated) shale, these being not so much foreign 
fragments in the sandstone as irregular seams and segregations of clay, for there are often 
fair laminse and even thin beds of the same material interstratified with the sands. It was 
in one of these seams of rather calcareous clay-stone near Kunlacheroo that Mr. Blanford found 
Glossopteris and Vertebraria ; and I obtained more of these plant remains from another 
outcrop of the same kind of clays a few miles further to the south. 

The Bar&kars of Beddadanole crop out to the eastward from underneath the varie- 
gated ferruginous beds of the Chintalpoody group, and though I am much inclined to 
suspect that there is unconformity between them as well as overlap, there is no clear section 
showing this. The association of the Barakars with the Asharaopett K&mthis is the same 
as I have seen it at Kamarum and Singareny ; there is in each case a small patcl} of the 
former very clearly overlapped by the latter ; and there certainly seemed to me to be a slight 
difference in the strike and inclination of 9 the strata at certain points, though this after all 
is what might be expected to occur in beds of such varying thickness and extent as those of 
the Barakars in the Godavari area. 
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Nizam's Dominions and Centbal Pbovinces. 

In marching to join Mr. Hughes in the Sironcha country, I came upon the northerly 
extension of the K&mthis beyond Pakh&l Lake (east of Hannamkonda), to which part of the 
country I had carried their western boundary in a previous season. 

This afforded me an opportunity of again visiting the Kamarum coal-measures, when 
also the Talchirs, which I had considered at the time of my first visit to be partly of 
volcanic origin, were re-examined. In this view I was much mistaken, there being after all 
only a strong resemblance to volcanic rocks in the peculiarly weathered black and dark-green 
sandstones, and the quasi-vesicular character of some of these. 

To the east of Kamarum, the western edge of the K&mthis is seen very plainly in 
the hill ridges of Lingagoodium,* which range north-north-west to the Sullavey cross- valley ; 
and beyond is a further group of hills to all appearance of the same series. 

In the long valley of Kottapilly, below the Lingagoodium range, traces of Talchirs 
are seen, but these could not be traced into contact with the Kamthis, owing to the extensive 
covering of superficial deposits. Further north, near Sullavey, the Talchirs are again 
met with in some force, lying, on their western edge, on Vindhyan quartzites and clay-slates, 
but overlaid by salmon-colored mottled sandstones on the Sullavey side. 

The rocks which I have here called Vindhyans are in every way similar to those of 
the Kadapah series, namely, quartzites (sands and conglomerates) and coarse clay-slates, 
with occasional thinner bands of grey and bluish-grey splintery silicious limestones weathering 
brown. These stretch northwards from the Pakhal Lake (which is on the Vindhyans) 
as a band of some ten miles in width between the Kamthis of Sullavey, &c., and the 
gneiss of Hannamconda and the country northwards. 

I think there is every reason to consider that the Lingagoodium beds extend as far as 
the groups of hills around Sullavey, that is, from their general appearance and lie ; but there 
is room for doubt as to whether the sandstones in the lower lying country to the north are of 
the same age. My attention was drawn more particularly to this in my traverse from 
south to north from Hannamconda to Chinnur near Sironcha. To the eastward of this line 
the country is marked by many groups of rather high hills, generally presenting their 
steeper sides to the west and north-west, their strata having a dip to the east and south-east. 
These hills are all, I feel sure, of the typical brown sandstones of the KamthiB ; but unless 
there be great faulting, of which there did not appear to be any sign, there is a great series 
of lower sandstones hading out from under the hill strata, and spreading over all the country 
west of Madapur up to the reach of the God&vari above Sironcha. 

These sandstones are generally not so brown and ferruginous, or so hard, as the general 
run of K&mthis, and among them are soft yellow and reddish-brown beds of very fine 
texture: neither are they so harsh to the touch. Chocolate and salmon colors are 
common in the lower strata. A special variety is a rather fine-grained soft sandstone 
of salmon-red color, containing numerous fragments of pale-red and purple shales and 
calcareous shales scattered through the rock or, as often, in thin seams of smaller fragments. 
These contained fragments would appear to be from the Pern shales noticed by Mr. Blanford. 

Near Sullavey, the T&lchirs are^ overlaid by sandstones remarkably like these mottled 

beds# * % 


Lingagoodium is 15 miles east of Pakhal Lake, which is 20 miles cost of Warungal. 
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Looking at the physical aspect of the country, and seeing that the general north- 
west — south-east strike of the Kamthi strata is still maintained among these doubtful 
sandstones up to and beyond the Godavari, while the dip is also to the eastward, the 
natural conclusion is that these are lower beds than those of Pakhal and the God&vari 
District, or that they are of an older group, say the Barak ars. They certainly did not 
strike me as having a Bar&kar look, though there are occasionally near the bottom of the 
series thick beds of coarse, soft, light-colored sandstones which might be of this group ; 
but their apparent position with regard \o the strata of the Sullavey hills and their lying 
on the Talchir patch at that village are worthy of consideration on this view of their 
possible age. Still, until the country is more closely examined, the preferable conclusion is 
that they are really part of the Kamthi series and inferior to the strata of Lingagoodium, &c. 

It must, however, be mentioned that when Mr. Hughes joined me, he had already 
been working for some time at these beds between the Malnair and God&vari rivers, west of 
Sironcha, and was rather under the impression that they belonged to a later series than 
the Kamthis. If this be the case, they must then have been deposited round the Sullavey 
hills over the base of the Kamthis and on to the outlier of Talchirs. To distinguish them 
as a group, we adopted the name Taroherla sandstones, from a village on the Malnair river. 

At the junction of the Pranhita with the Godavari, just north of the village of 
Kales warum, these Tarcherla beds are overlaid by further strata having very much the same 
dip, though they differ somewhat in their constitution. There is, however, a local uncon- 
formity on the Kaleswarum bdnk, which, though only small, was sufficient to draw our 
attention to the possibility of its being more general among the rocks, and that we were 
here at the bottom beds of a newer series. A bed of fine-grained sandstone with a rather 
undulating dip to north-north-east at about 5° overlies the partings between five other beds 
of coarse pebbly sandstone which have a north-east dip of about 10°. This exposure 
being only about 20 feet in length, and in sandstones which are not constant in the 
thickness of their strata, it is possible that the unconformity may only be local and a 
case of oblique bedding, though from the fact of our almost immediately coming on 
Kajmehal strata above, it is most likely a true break. 

At any rate, after crossing the river, and on the right bank of the Pranhita opposite 
Sironcha, we came on sandstones which differ in many points from those of the country to 
the south and north-west. They are micaceous , thick and thin-bedded, harsh, even-textured 
grey and brown sandstones, but they at the same time contain fragments of buff and 
pink shales. These are succeeded, as the short section opposite Sironcha is followed out, 
by thinner and conglomeratic beds, and these again by some of the thick beds with contained 
lumps of shale. Above these again is a set of finer grained buff, grey, purple and 
yellow soft laminated sandstones, rather shaly and flaggy, containing fragmentary plant 
remains said to be of a Rajmehal type. All the 1 beds are micaceous, and in this differ 
from the Kamthis. The river section is then covered up by alluvium, and nothing more is 
seen until a couple of miles south of Anarum, where there is a low rise of friable pebbly 
sandstones having a flat and undulating 4 lie, and at the village, associated with these 
sandstones, are grey and purple shaly bands containing plant remains, the only recognizable 
form being a JPalissya . 

Irrespective of the finding of these fossils, we were quite satisfied of the series (with the 
exception of the beds containing fragments of shales) being different in character and 
appearance from the Tarcherla sandstorfbs. 4 At the same time, they do not resemble the 
Upper Gondwanas of the God&vari District, except in the presence of mica, which Jmineral 
is frequent in the Golapilly group of sandstones. 
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Opposite Anarum at Kota, there is an outcrop of 9 feet of hard, sometimes rough- 
grained, grey or fawn-colored, splintery limestone with fish remains (hones, teeth, scales, 
&c.), some of the beds showing very indistinct Estherice. These limestones are not seen 
associated with any other beds ; but they dip east-north-east, at 10° to 12°, undulating 
slightly, and it is quite evident from their position that they overlie (with some intervening 
deposits) the Palissya beds of Anarum, and are succeeded by red clays and variegated 
sandstones a short distance higher up the river bank. 

The Kota limestones appear again at Katarapilli higher up the Pranhita, where they 
crop up to the west-south-west at the usual angle, and must overlie the red clays of 
Maleri ; and, about twenty-four miles still further to the north-west near Bimpur, the Maleri 
clays are overlaid in situ by limestones of the same kind, with the usual fish remains. 
Clearly, these limestones are a thick intercalation in the red clays and sands, though the 
proper fossiliferous clays of Maleri itself, with Ceratodus teeth, crocodilian bones and 
coprolites are underneath them, while there are variegated sands and red clays above them in 
the river section at Kota. 

About eight miles to the north of Kota, on the left bank of the Pranhita, there is a 
high scarped plateau-range of hills overlooking the village of Chikiala, the strata of which 
are newer than those just described ; and these must, I think, be considered at present as 
answering to the Tripetty sandstones of the Godavari District. 

The upper red clays of the Sironcha series are visible in the river near Chikiala, but 
above these no rocks are seen until well up the slopes of the plateau, and then, brown and red 
ferruginous sandstones and conglomerates appear in great force and so continue to the 
summit of the plateau. The resemblance between these beds and those of the Tripetty scarps 
is remarkable ; and there are just the same vitreous ferruginous conglomerates, hard silicious 
and argillaceous conglomerates, and bands of concretionary clay ironstones, as occur in the 
Godavari and EUore country. The series seems, however, to be very thick in the Chikiala 
plateau, and fully the lower half of the slopes is concealed by debris. I did not see any 
indications of shales like those of Kagavapuram. The Chikiala scarps appeared to be 
continued away eastward into the Bastar country by still further ranges of flat-topped hills. 

Thus, for the Sironcha country, as far as our rapid examination can show, the Upper 
Gondw&nas are represented by the— 

a . Chikiala sandstones. 

b. Maleri red days and Kota limestones, and the 

c . Sironcha sandstones, 

which answer by their fossils in the one case, and the wonderful litho- 
logical resemblance in the other, to the — 
a. Tripetty sandstones and 
c. Golapilly sandstones 
of the Godavari District. 

Further examination of the fossils of the Kagavapuram shales may show that they and 
the intermediate group of Sironcha are also synchronous. 

Kadapahs and Kasnuls. 

In the Chanda sheet to the north ^of Kandpa and Sakaravoye, I had an opportunity 
of seeing the quartzites, limestones and purple ehaldb of the sub-metamorphio series already 
observed by Messrs. Blanford and Fedden. They strike me as certainly of the Kadapah and 
Kamul series of Madras, or of the Kaladghi and Bhima series of Western India. 
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It is, of course, necessary to remember that both purple shales and limestone, scarcely 
to be distinguished from each other in regions of disturbance, are found both in the Karnuls 
and Kadapahs ; but as far as I could see, without having had any opportunity of going 
closely over the ground, the quartzites of the Nandpa hills are Kadapahs, just as I 
recognise the altered rocks of the Pakhal country to be of the same series. On the other 
hand, I should certainly consider that the limestones of the trap-capped plateau south of 
Knmdna are Karnuls, or Bhimas. 

Between Karndna and Sakaravoye I passed over an extensive belt of purple and grey 
shales which in some respects are very like certain slaty shales in one of the groups of the 
Kadapahs ; but they do not present that clay-slate character possessed by all the shales of 
this series, and, on the whole, it would appear that these Sakaravoye bods arc of the Bhima 
or Kamul series. 

At the same time Mr. Hughes is of opinion that these purple shales, limestones and 
quartzites are not distinguishable into two series ; consequently, if they are all of one series, 
they must preferably be considered as belonging to the newer of the two systems, vis., 
Bhimas or Karnuls; and in certain parts of the field they have been so disturbed and 
crushed as to have assumed the more altered appearance and characters of the Kadapahs, 
which is also, I consider, the case with the Kistnah extension of the Karnuls in the Palnad 
country. 

I am, however, hopeful that the Kamana rooks will be found to be separable into 
the two series, more particularly as they seem to be a north-westerly extension of the Bhimas 
and Kaladghis, and the shales and limestones are very like the first of these. 


On the ‘ Atqabh sandstones* near Cuttack. By V. Bali, m. a., f. q. s.. Geological 

Survey of India. 

The principal result of my examination of the sandstones and conglomerates which lie 
to the west and south-west of Cuttack, has been the discovery of fossil plants whoso 
affinities are sufficiently clear to admit of conclusions being drawn as to the age of the 
rocks which contain them. 

That these rocks were of more recent age than the group or groups of rocks which 
occur above the coal-measures in the Talchir-field was considered probable by Mr. Blanford* ; 
but the non-discovery of fossils and the similarity of their general lithological characters 
with those of the rocks constituting the above-mentioned groups have hitherto prevented 
their certain correlation with the rocks of any recognised period in India. 

This uncertainty being removed, the question of the probability of coal-measures 
occurring underneath assumes a somewhat^Ufferent aspect, but only perhaps a different aspect. 
The possibility of such occurrence still exists, even if the probability, in so far as theoretical 
considerations go, be lessened. 

As bearing immediately on this part of the subject, reference need only be made to the 
Raj inch al hills, where — in part of the area — the coal-measures are directly covered by members 
of the series to which these rocks are now referred, while in other parts a considerable 
thickness of rocks belonging to a group distinct from both, intervenes. 


Records, Vol. V, p. 5&, 
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The next points in the inquiry (the possibility of these rocks directly overlying the ' 
coal-measures being thus admitted from analogy) involve a general description of the 
local conditions, which may therefore be conveniently noticed at once. 

The area occupied by these rocks covers about 60 square miles, spreading both to north 
and south of the Mahanadi Valley above Cuttack. It is covered with low hills and ranges 
which rarely, if ever, exceed 260 feet in height, and arc generally of very much less elevation. 

Both the hills and the intervening valleys are covered with a dense, thorny, secondary 
jungle which, throughout a large proportion of its extent, is absolutely impenetrable. Indeed, 
the central portion of these hills is an unoccupied waste without villages or cultivation. 
The trunk road and its vicinity afford an opportunity of examining a cross section in one 
direction, while the Mahanadi river yields a more or less broken one in another. Otherwise, 
examination of these rocks has to be conducted round the edges of the area where, however, 
the junctions are, with a few important exceptions, concealed by alluvium or latcrite. 

To the north of the Cuttack and Sambalpur road, between Kukkur and Daiserah, there are 
several ranges of small hills. Towards the east these are chiefly formed of latcrite, owing 
to which, and the density of the jungle, it is impossible to define the limits and nature of the 
underlying rocks; but even if these obscuring causes were removed, the surrounding 
alluvium would render exact demarcation impossible. Still, from the existence of meta- 
morphic rocks at no great distance to the north and north-east, there are known limits 
beyond which the sandstones cannot extend in those directions. Proceeding westwards 
through these hills, the laterite steadily lessens in amount, and towards their western termi- 
nation the jungle is the only agent in the concealment of the rocks. Here there are coarse 
and loose-textured conglomerates with ferruginous sandstones ; these rocks appear to be at 
the base of the group, and probably rest naturally on the metamorphic rocks which are seen 
not far off on the west. 

The same rocks are seen in a stream crossed by the road about a milo east of Daiserah, 
between which and some schistose gneiss at the river-crossing near Sonkarpur, no rocks are 
exposed on or near the road. South of the road a spur from the main ranges between it and 
the river terminates in an abrupt scarp below the village of Hontikul. The rocks exhibited in 
this scarp consist chiefly of loose-textured, coarse-grained sandstones with occasional pebbles. 
Towards the top are some white clay bedB, in one short length 4 of which, and not elsewhere, I 
found the fossils described in a following paper by Dr. Feistmantel. The hills which occur 
to the south and south-west of Daiserah and between it and Malbadapur consist of white 
and ferruginous coarse-grained sandstones, generally capped by conglomerates, and invariably 
with horizontal bedding. At Malbadapur metamorphics appear, and the boundary, which 
seemB to be quite natural, strikes southwards through the corner of the large lake or jheel, 
and thence to the south-south-east, where it passes under the northern end of the Gopalpur 
hill, whore the sandstones and conglomerates are seen at the top, hornblendic gneiss forming 
the base. The sedimentary rocks alone appear at the southern end of the hill, where it 
impinges on the river, and are well exposed in section there. From the above it would 
appear that this portion of the boundary is natural, and that no beds exist between these 
sandstones and the metamorphics in this part of the area. It may be added that a similar 
section exists in the end of the hill which lies on the line of boundary between the rise at 
Gopalpur and the corner of the jheel, but owing to jungle, the section is less clear. 

In the river section a slight dip of the sandstones, from the boundary towards the east 
can be observed* but it is only a slight departure from the general horizontal position. 
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West of the above-described boundary, gneiss crops out in various places, forming low 
hillocks and ridges. There are two principal varieties : one Telepathic containing garnets and 
sometimes magnetic iron, and the other hornblendic. Close to Kusanpur there is a bossy 
mass of granitic gneiss striking north-east— south-west, dip north-west. 

From hence eastward the section exhibited along the northern bank of the Mahanadi 
gives the best view of the rocks that can be obtained ; but owing to the general horizontally 
of the beds and the lowness of the hills, the total thickness exposed must be inconsiderable. 

Between Gopalpur hill and those which touch the river at Phoolwari, a large fertile bay, 
encircled by ridges of sandstone, occupies the space, the rocks being covered up by alluvium. 
In the river channel, too, throughout this interval, no rocks are exposed. At Phoolwari the 
hills consist of the same sandstones and grits, with pebbles and a pudding-stone strangely 
resembling one which occurs at the top of the highest hills in the west of the Talehir field. 
A dip to the south of these beds, where seen near the bank, I attribute to mere local 
undermining by the river. 

In the channel of the river, below Phoolwari, is a small island formed of sandstones. 
These on the east shew a dip to south-east, but this, however, also appears to be only local 
and due to the action of the river. 

Between Phoolwari and Balrampur the rocks above and under the river bank appear to 
be identically the same beds as those above mentioned — in their horizontal extension. In 
the hill close to the river near Bulrampur there are sandstones with a considerable cap of 
laterite ; under the bank the section of the former discloses a dip of 10°-20° to south and 
south-west, but further inland the same beds are quite flat. 

Between Bulrampur and the Sambalpur road the rocks where seen are of the same 
general character as before, but on the river bank at Maneshwar there are white sandstones 
with clays, and on the islet opposite a sandy false-bedded conglomerate of very recent aspect 
dips south-south-west at 7°. 

On the southern bank of the river the sandstones first appear near the village of Naraj, 
below the Public Works Department bungalow, close to the point where the Mahanadi sends 
off its branch, the Kajuri. The sandstones here are somewhat loose-textured, strong silicio- 
felspatbic rocks with partings of red and white clays. A quarry in active operation 
exposes a working face of about 30 feet high. The stones from this locality are largely 
employed, chiefly as ashlar for the irrigation works. Portions, however, dress fairly, and 
the general appearance resembles that of the sandstone quarried at Barukar. Inland from 
this, spreads of laterite and alluvium cover up and conceal these rocks, and in the Sideshar* 
hill, which is about a quarter of a mile further up the river bank, they are locally abruptly 
cut off by a vertical dyke of basaltic trap, from the opposite or southern side of which a 
thickness of about 80 feet of shales dips suddenly away at angles of 10°-12°. The sudden 
appearance of these shales suggests the existence of a fault, through the fissure caused by 

* Under the heading “Section of a Hill in Cuttack supposed to be likely to contain coal” Lieut. Eittoe gives 
a sketch and account of this hill, to which is appended a note by Dr. McClelland. The sketch, which was drawn 
by Dr. McClelland, is something in the willow-pattern style of art, bat represents the relations of the rocks. 
Dr. McClelland calls the black and colored shales chalk, a term which is certainly not applicable to them. 
Neither is the term trachytic applicable to the basaltic trap. Some calcareous matter is stated te occur at the 
junction of the trap with the clay shales forming “ a true vein," in which there are said to be “ fragments of 
primary clay mechanically mixed with plates of siivery mica— ingredients which must have been dcrivod trom 
below.” This vein was filled with rubbish from the top at the time of my visit. The occurrence of the clay-slate 
and mica is probably to be accounted for by a partial metamorphism caused by the dyke. 

J. A. S* B., Vol. VII, 1838, p. 152. 
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which the dyke was doubtless thrust* Although the section in the river hank is quite clean, 
the thick covering of laterite on the hill and from thence inland renders it impossible to 
trace the limits of the trap and examine its relations with the sandstones in that direction. 
These latter, however, appear to sweep round the Sideshar hill to the east with unbroken 
bedding ; further south, however, both shales and basalt are again met with, as will presently 
be noticed. 

The trap on the river face extends for about 150 or 160 yards in a north-east, south-west 
direction, but this is probably oblique to the strike, and certainly so if the trap seen further 
south is continuous with it. It is a dense, heavy, greenish-black rock abounding in an earthy 
magnesian mineral, which in the exposed portion has been washed out and left hollows. 

On the southern side of the trap occur the shales above mentioned ; of these the lower 
portion is black and carbonaceous, but not in the smallest degree coaly ; towards the top they 
become purplish and red, and include one or two distinct runs of ironstone. Unfortunately 
they do not shew any determinable remains of plants, a few charred fragments of vegetable 
matter being alone discernible. In general appearance, beyond the fact that they arc car- 
bonaceous, these shales do not prosent any resemblance to those of the coal-measures, while 
they are of much the same character as certain well-known beds in the intertrappeans of the 
Rajinchal hills. The hopes of coal occurring in this vicinity, which have from time to time 
been excited by the appearance of these beds, are not, I venture to say, justified by the facts. 
The appearance of these beds at the surface, in this locality, being probably altogether due 
to the elevatory action of the trap, and the fact that they have not been elsewhere observed 
in any part of the area, prevent any decided opinion being formed as to their extent. Judging, 
however, from the sections in the R&jmehal hills, it is not improbable that they may originally 
have had a very limited aroa of deposit. 

The point at which they appear further south is situated about 500 yards to the east of 
the village of Mondali. Here, together with the trap, they have contributed to the formation 
of the soil, and aro seen in certain shallow wells and excavations, but nowhere crop out at the 
surface. 

Close to Mondali there is an unusually hard and dense felspathic quartzite. In the 
river section, at intervals up to Bajipur, there are outcrops of sandstone of normal character. 
In the vicinity of the bund in the direction of the river, certain black clays situated in the 
bank at about the hot-weather water-level, and which had been pointed out to me as being 
possibly indicative of coal, proved on examination to be of a peaty character and of the same 
age as the alluvial clays with which, indeed, they may bo seen to be interbedded. Between 
this and Dompara the beds exposed in the river are flat, ferruginous sandstones, rarely accom- 
panied by red clays. In the hills to the south of the road there are sandstones and con- 
glomerates similar to those seen in the ranges north of the river. 

Towards Talbust, a hill of metamorphic rocks occurs in close proximity to the sandstones, 
but no junctions were observed. The boundary is still probably natural, as the sandstones 
shew no signs of disturbance. Between Talbust and Huldia the rocks seen are massive beds 
of coarse sandstones and conglomerates, which are in places abruptly scarped. 

Between Huldia and Maindasal, at the foot of the Tuskai hills, the boundary is com- 
pletely hidden by latente, under which the sandstones disappear. Springs are very abundant 
at the foot of the hills. 
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To the north of Mandasal there is a considerable area traversed by the road, in which 
metamorphic rocks occur. Owing to laterite, the limits of this area and the relations between 
the gneiss and quartzites occurring in it, with the surrounding sandstones, are very much 
obscured. * 

Between Mandasal and Bobaneshwar, sandstones of the same character occur, forming 
at Kandagiri the small hill famous for its enormous gumpas or cave temples. To the south- 
wards and also to the oast, at a point about a mile to the west of Bobaneshwar, the sandstones 
disappear under great spreads of laterite. The eastern limits of the sandstones in tho 
country stretching northwards between this and Naraj are also effectually concealed by 
laterite. It is quite possible that the sandstones may stretch eastward for several miles under 
the alluvium of the delta. 

Although in the foregoing pages these rocks have generally been spoken of as occurring 
horizontally, it seems to be the case that, viewed as a whole, there is a slight dip to the 
south-east. 

Having now described the appearance of these rocks and enumerated the various data 
available, the question as to the probability of coal-measures occurring underneath them 
may now be resumed. 

That there is no inherent impossibility of such being the case has been already demon- 
strated on a previous page. A basin of coal-measures, the edges of which have been over- 
lapped, may possibly occupy the centre of the area, and it can only be in view of such a 
possibility that any exploration can be undertaken. As a matter of observation, the bods of 
sandstone are horizontal, or are practically so, and whenever their boundaries are not obscured 
by alluvium or laterite, and, consequently, the underlying rocks are exposed, the latter in- 
variably prove to belong to the metamorphic series. 

Owing to the occurrence of such metamorphic rocks at or close to tho boundaries of the 
sandstones on tho north, west and south sides, respectively, it is clear that if the hypothetical 
basin exists, its limits are overlapped in those directions, and it therefore follows that explo- 
ration by boring, if undertaken, should be directed chiefly to the eastern central portion of 
the area. For this purpose the vicinity of the trunk road is well situated, besides possessing 
other manifest advantages. Further to the east, and even in the station of Cuttack itself, 
borings might he made, which, in so far as anything is certainly known to the con- 
trary, might be regarded as having an almost equal chance of proving coal-measures. 
But the difference in chance, slight as it is, together with tho difficulty of carrying out 
a boring through a possibly considerable thickness of alluvium, should, I think, determine in 
favor of the former. 

On the accompanying map I have marked the localities in which the borings might he 
made, the numbers indicating roughly the order of their relative importance. Nos. 1 to 5 
would be the most important. If they proved, as they might do at a very small depth, 
that metamorphic rocks underlie the sandstones, without any coal-measures intervening, then 
it would he useless to proceed with the others. 

In conclusion, I wish to make it quite clearly understood, that the indications do not 
appear to me to be such as to justify any good hopes of success, and consequently I cannot 
recommend any further expenditure being incurred for exploration by boring or otherwise. 
The decision as to boring-operations being undertaken resting with the Government, and 
the possibility of there being hereafter such a local demand for coal as to make it desirable 
to put the matter to a Anal test, are my reasons for having discussed the question of boring 
as above in detail. 
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List of sites for borings in approximate order of their relative importance , 


(1) North of Chandkar 

(2) At Kivjmul (Koojmool) 

(3) One,mile east of Barcul (Burcool) 

(4) i a mile north-east of Fulghar 

(5) i a mile south-east of „ 

(6) One mile west of Goyrbank 

(7) South of B. Patpur 

(8) AtBolpada 

(9) At Kandarpur ... 


On the Madras road, south 
of the Mahanadi. 

Near Naraj, on tho Maha - 
nadi. 

... 'jOn the south bank of tho 
) Mahanadi. 

... "(On the north bank of the 
... J Mahanadi. 


Notes on fossil floras in India, by Ottokar Feistmantel, m. d., Paleontologist to 

the Geological Survey of India . 

IX, X, XI, XII AND XIII. 

IX.— On some fossil plants from the Atgarh sandstones. 

The flora of the Atgarh sandstones, so far as known, is poor in species, but neverthe- 
less sufficiently marked to enable us to recognise the period to which it belongs. Ferns 
prevail. 

FILTCES. 

Alethopteris Indica, O. and Af. sp. (Pecopteris, O. and M.). 

This species is tolerably abundant. It was first described by M.M. Oldham and Morris 
in the flora of the Rajmehal hills (PI. XXVII). I have elsewhere shewn that this Rujmehal 
species is very near to Asplenites Rosserti , Schimp. Lately I have found it to be not un- 
common amongst the fossils from Golapilly near Ellore, and have made use of its occurrence 
there together with that of other fossils to prove that the Golapilly rocks belong to the 
Rajmehal group. The present is an analogous case from which a similar conclusion may be 
drawn. * 

Besides the common form of Alethopteris indica , 0. and M. sp., there occurs a still 
smaller frond which, however, belongs also to Alethopteris , Gdpp. 

If we compare the drawings of M.M. Oldham and Morris’ work (PI. XXVII), we find 
that fig. 2 shews slightly different dimensions ; similarly is the Alethopteris from Atgarh 
different from the common form. In order to mark the distinction, I would call the latter 
Alethopteris indica , 0. and M. var. minor . This form is somewhat rare, the occurrence of 
the other being much more frequent. 

A8FLENITES MACROCARPUS, 0. and M. sp. 

There is a fragment of a pinna, the pinnulse of which show a slightly dentated margin, 
with an indication of fructification, as is also to be seen in Pecopteris macrocarpa , 0. and M. 
I do not doubt that this fragment from Atgarh should be referred to this species. I have 
transferred it to the genus Asplenites , retaining the original specific name. 

This species occurs pretty frequently among the fossils from the Rajmeh&l hills, and 
also occurs with those from Golapilly. I hope to make a comparison between this species 
and Asplenites Ottonis , Schimp., from the Rheetic strata. 
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Gleichenites Bindbabtjnensis, Sell imp. 

There are some specimens of a fern which at once recall the species from the Rajmehal 
hills described by M.M. Oldham and Morris as Pecopteris ( Gleichenites ) Ghichcnoides. 
Mr. Schimper considered it, however, to belong to Gleichenia, and has described it as Gleiche- 
nia Bindrabunensis, Schirnp. This I believe to be correct, and I therefore adopt his name 
for the species. 

The above species of ferns have already been recognised as characteristic of the Raj- 
mehal group. I do not doubt that they here indicate the samo group. 

As appendix to the ferns I may mention the occurrence of the genus Rhizomoptcris , 
i. e., Rhizomes of ferns, which I describe especially further on. 

Cycadeace;e. 

Cycadiles nonfertus , Mon*. A single leaflet establishes the species; it agrees completely 
with PI. VIII, fig. 2, in Oldham and Morris’ Rajmehul Flora. As I think, the Cycadites 
Blanf or dianus. Oldh., is to be placed to this species. 

CONIFERS. 

A branch, pretty well preserved, belongs no doubt to that species which was, for the 
first time, found in the Rajmehal hills and figured, but not described; in the Rajmehal Flora, 
(PI. XXXIII) under the title Taxodites indicus, 0. and M. 

Subsequently Mr. Oldham himself admitted that this fossil belongs to the genus 
Palissya. I also havo recognised it as such, and moreover proved it to belong there. The 
samo form has been found also in the Jabalpur group of the Satpura basin. I have also 
identified it from Golapilly and Kach (Cutch). When describing it in my papers on the 
Kach (Cutch) and Rajmehal floras and giving the diagnosis, I thought it best, on transferring 
it to the genus Palissya , to call the species after Dr. Oldham, viz., Palissya Oldhami, Fstm. 
I also published the samo name in my notes on some fossil floras from India (Rec. 1877, 
PI. II). This I thought to be justified by the fact that the species has never been described. 
My intention to thus change tho name has, however, been objected to ; so that to avoid any 
misunderstanding I have decided to use for this conifer form from tho Rajmehal hills, 
Satpura, Kach, and Golapilly tho former species name — indica . It will therefore stand as 
Palissya indica , Fstm., to which species also belongs our plant from Atgarh. 

The specimen from Atgarh is a single branchlct, but quite distinct, the midribs in tho 
leaflets being visible. 


Genus: Rhizomoftebis, Schimper , 1869. 

Schimper : Pal. vegetale, Vol. I, p. 699. 

Nathorst, 1876,* page 14, PL I, figs. 8-13. 

Rhizomes of ferns, either underground or superficial, distinct by their repeated ramifica- 
tion. They show the scars of the fallen-off peduncles, or contain the remains of the 
petioles, often covered with pile. 

Schimper established this genus from two forms from the carboniferous formation. 
Lately, Mr. Nathorst described one species from the R has tic of Sweden,* Rhizomoptcris 
Schenki from Palsjo (1. c. p. 14, PI. I, figs. 8-13). 


Nuthorst ; Bidrag Till Severigcs foesila flora, Stockholm, 1876. 
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Amongst the fossils brought by Mr. Ball* some specimens are to bo referred to ibis ■ 
genus. I describe them as — 

Rhizomofteris Balli, Feistm., PL I, figs. 2-7. 

Bhizomate dichotome ramoso , cicatricibus petiolorum vestito, cireiter , 10-14. Cm. 
crasso, ramie adceqmntihus cicatricibus in quincunciam disposilis, circular ibus sub* 
cmarginatis fossula circulari circumdatis. 

The rhizoma apparently dichotomous set with scars, which are disposed in quincunx. 
They are circular, and surrounded with a circular line. 

The specimens from Atgarh agree mostly with those described by Mr. Nathorst, 
especially PL I, fig. 10, while the other ones figured bj T Nathorst shew larger scars with a 
horse-shoe-like vascular mark, but fig. 10 has the same circular scars as the Atgarh 
specimens. On two or three specimens the ramification (dichotomy) of the Rhizoma is well 
seen. In size they resemble also mostly those from Palsjo. 

Bhizomopteris, Schimp., takes in the Fossil Flora amongst the ferns the same part as 
Spiropteris , Schimp., which comprises the circinnate vernation of fossil ferns, as Bhizomop - 
teris comprises the rhizomata ; and there can, of course, bo as many different species of 
Bhizomopteris as species of ferns, supposing that all different species of ferns have also 
different rhizomes, but it might be very difficult to decide to which fern a certaiu Bhizomop- 
teris should belong. 

Here in the Atgarh strata near Cuttack ferns are prevailing, and the Bhizomopteris 
belongs to one of them. The species I devote to Mr. V. Ball, who collected it. 

Some of the forms, which Mr. Schenk (Flora der Grenzschichten, 1867) figured as 
«* trunci filicum ,” belong perhaps rather to this genus ; and then the stem fragments from the 
Mangli beds, which I referred as very similar to Schenk’s “ trunci filicum ,” are perhaps 
also rather to be placed with Bhizomopteris. Now I think that also the specimen from 
Kacli, which I figured, PI. IV, fig. 3,* and discussed shortly (page 35) as Stem of “fern” (or 
Rhizome), would be rather a Bhizomopteris. 

X.— On true Ptebophyllum from the Raniganj field, and the Cycadeacejs 

FROM THE DaMUDA SERIES. 

Already in 1830 Dr. McClelland! described a real Cycadeous plant from the Damuda 
Series near Raniganj with the name Zamia Burdwanensis (PL XIV, fig. 4, p. 53 1. c.) This 
figure, however, he has taken from a set of unpublished plates of Burdwan fossils in posses- 
sion of the Asiatic Society. 

When subsequently Mr. Oldham wrote his paper on the age and the geological relations 
of the rocks in Central India and Bengal, £ he thought justified, on account of the gene- 
ral badness of the drawings, as he had not the original before him, in doubting the accuracy 
of this figure, Zamia Burdwmensis , McCl. ; and he could not help thiuking that a fraginont 
of a Schizoneura had in this case been mistaken for a Zamia. 

Only lately, however, this disputed and very important specimen was found by 
Mr. Medlioott amongst some old collections. It shews that McClelland was completely 

• Flora of Kach : Pal»ontol. Indica, 1876. 

t Report of the Oool. Surv. of India for 1818-49, Calcutta, 1830. 

% Memoirs Geol. Survey of India, Vol II. 
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Tright in considering it as a Zamiece (though not Zamia), His figure agrees pretty fair$ 
in outline with the original, so that there is no doubt that wc have before us that specimen 
from which the figure in those unpublished plates was taken and which McClelland copied 
again ; only the insertion of the leaflets and the veins are not quite correctly drawn. From 
these both, as also from the form of the leaf, I think that this specimen is rather a Ptero - 
phyllum than a Zamia. 

I shall give here a short description, and as McClelland called it already Zamia Burd~ 
wanensis , I shall keep the same specific name ; I give also a new figure of it. 

Ptebophylltjm Bttbdwanense, Feisim.f PI. I, fig. 1, la (MeClell., sp.). 

I860. Zamia Burdwanentis, McClelland : c. p. 53, PI. XIX, fig. 4. 

Fronde mediocri , rkachide tenui (in specimine nostro !) ; pinnulis (foliolis) oblonge 
linear ibu8 y cequalibus , subcoriaceis, tota basi insertis ; basi paulo dilatatis , contiguis , apice 
obtuse acuminatis ; nervis simplicib us,filifo rm ibus, distantibus , 7 -8 numerantibus . 

The specimen is only a fragment of a frond, with four leaflets on one side and two 
on the other; the frond seems to have been only of a middle size, as far as one can judge 
from the specimen. The leaflets measure 62 mm. length and are 8 mm. broad. 

They are inserted by the whole base, and they seem to be slightly joined at their bases ; 
the apex is obtusely acuminated. The rhachis of the frond in this specimen is very thin ; 
it does not, however, follow that it was so throughout, as we see, for instance, the same 
relations in Pterophyllum Medlicottianum, 0. M., from the Rajmehal hills; the specimen 
figured by M.M. Oldham and Morris* * * § has a thin rhachis, while I have figured later two 
specimens, with a pretty thick rhachis.f 

The veins are not numerous and rather distant ; I could count seven to eight veins in 
one leaflet ; they are very thin, though very well marked. 

As to the relations of our specimen, I can say that it is next to those forms from the 
Rajmehal hills which were named Pteroph . Carterianum , Oldh., and Pteroph. Falconer - 
ianum , Morr., both of which, however, I treat as only one species, with the former name. 

This species increases the number of the Cycadeacece from the Damuda Series. As I 
have mentioned in one of my last notes in the Records, I think it is very probable from the 
form of the leaf and especially from the relations of the veins that the Zeugophy llites 
from Australia, which by some authors is also referred to Schizoneura , is only a Cycadeacece , 
and belonging most probably to Podozamites , Br. "" 

This Pterophyllum is, however, not the only Cycadeacece from the Pamudas. I men- 
tioned already several others which according to the opinions of most authors (beginning 
with Brongniart, 1838, and ending with Schimper, 1874) are to be placed to Cycadeacece . 

To these belongs in the first place— 

Noggerathia, Stbg . 

Noggerathia, Strnb., is in our Damuda Series pretty frequent, and a Noggerathia 
Hislopi was described by Sir Charles Bunbury 1861.J It is very well known that Brong- 
niart already, 1833§, was convinced that Noggerathia belongs to the Cycadeacece; later 

* Ilftjtnahal Flora :tal. Indies, Hi. XVII, fig. 1. 

t Rajmahal Flora Contin., PI. XLtll, 2, XLIV, 1. 

„ } Quar. Jour. Gool, Society, 1861. 

§ AmialcK das aciencoH naturclleB, 1833. 
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(- 1 850) Goldenberg* was of the same opinion. Sir Charles Bunbury in general adopted 
Brongniart’s views about Noggerathia , and it seemed to him only doubtful whether it could 
not be a fern ; but “ the breadth and coarseness of the veins in the Nagpur plant, and a certain 
appearance of rigidity about the leaf/’ looked already to Sir Charles Bunbury rather like a 
cyoad than a fern (1. c. p. 335), while the dichotomy of the veins, their equality and uni- 
formity, and the absence of any trace of transverse connecting veins, plainly shews that it is 
not a Palm (1. c. 335), so that he would refer the plant rather to the Cycadeacece or an allied 
form. The resemblance of Noggerathia in its well-defined characters with some Zamiece 
is so striking, that there can be little doubt but that it belongs to this Order or very near. 
Already in previous papers (in Europe) I have considered Noggerathia as gymnospermous, 
as also Professor Geinitz does. Schimper placed it (1870-72) quite distinctly with the Zamiece , 
as first genus ; and also in my Flora of Kachf I quoted Noggerathia with the Cycadeacece , 
uniting Noggerathia with Cordaites to a special family, which, however, is only partly so, a* 
some Cordaites may belong elsewhere, while Noggerathia remains a Cycadeacece. 

If we compare the carboniferous Noggerathia folisa , Stbg., with Sphenozamites Rossi., 
Zigno, there is certainly a great similarity between them ; aud if we compare the fruc- 
tification in Goldenberg (1. c. PI. Ill, fig. 3) with the fructification of a living Zamia, there 
is certainly a striking resemblance. Our Damuda Noggerathia resembles very much the 
leaves of some living Zamiece ; so that all evidence seems to prove the views of Brongniart, 
that Noggerathia is a Cycadeacece and most probably a Zamiece. 

The Noggerathia from the Damuda Series supports strongly this view ; and there is 
especially a specimen from Barkoi in the Satpura basin since many years in our collections 
which shews two leaves in their natural position as they were inserted on the stalk. 


Genus : Macropterygium, Schimp. 

Some of the triassic forms, which at first stood also with "Soggerathia and Ptero- 
phyllum , were lately separated by Mr. Schimper with a special name, Macropterygium , 
with two species, Macropterygium (Noggerathia) Bronni, Schimp., and Macropteryg. 
( Pteropliyllum ) giganteum., Schimp. Of these one is also in our Damuda Series; I men- 
tioned already in Records IX, 4, p. 141, a specimen from the Lower Godavari District as 
Noggerathia Vogesicca , Bronn., which is Schimper’s Macropterygium Bronni, and there arc 
from the Damuda Series in the Satpura basin for a long time exhibited several specimens 
of a Noggerathia- like form, only that they are much longer than the usual forms, and 
l suppose them to belong to Macropterygium , somewhat allied to Macropterygium Schenki; 
a similar form I brought again this year from the Kurhurbalee coal-field, together with many 
other plants on which I shall report on a subsequent occasion. 

As far as is known now (1877), cycadeous plants are not so rare in our Damudas, at 
least more frequent than we find them in Carboniferous and Permian strata. There are 
known, not regarding those cycadeous plants which I brought from the Kurhurbalee coal-field 
and which are not yet described, four genera of cycadeous plants in our Damudas ; as it is 
rather an important point in the discussion on the relations of our Damudas, I shall give 
here the general view of the genera and species known to present date, with their localities 
and dates of discovery. 

a 

* Verb. d. ttatnrf. Rheinprrusa Vrrcinfl, 1818, V. 
t Pal. Indies, 1876, p, 38. 



PART i.] 


Feist man lei : Fossil Floras in India, 


73 


ZAM1EM . 

2. Genus: Noggerathia, Sternberg , 1828. 

Noggerathia Hislopi , Bunb., 1861. Already known to Rev. Hwlop, and in 1861 de- 
scribed by Sir Charles Bunbury (Q. J . G. Soc.) f who was not quite certain about the nature of 
this genus, but would rather refer it to the Cycadeaeece or a neighbouring family. 

Is known from Nagpur district (at first known from there), from the Satpura basin 
(many years in the collections). 

Noggerathia sp. t from Kurhurbalee coal-field, known since 1871 and brought again this 
year. The same form occurs in the Talchir shales. 

Genus: Macropterygium, Schimper , 1870-72. 

Macropterygium comp. Bronni , I think a specimen (respect, two, aR positive and nega- 
tive impressions) from the Lower God&vari District (since 1873 in the collections), belongs to 
this genus, and also very near to the same species. So much is at least certain that they 
are Cycadeaeece. 


Genus: Pterophyllum, Bgt., 1828. 

One species is known. 

Pterophyllum Burdwanense , Fstm. (McClell. sp.), which I describe now with this 
name, but which already by McClelland was figured (1848-49) as Zamia Burdwanensis. 
From the Raniganj coal-field. 

Genus : Glossozamites, Schimp., 1870. 

Glossozamites Stoliczlcanus , Fstm. Only lately described by me, but since 1871 
amongst our fossils from Domahani, Kurhurbalee coal-field, with a small suite of other 
plants, amongst which three coniferous branchlets already at that time were determined as 
J oltzia heterophylla, Bgt., which I found again so frequently this year. 

These Qycadeacem from Kurhurbalee coal-field are the more important, as from the close 
connection of the Kurhurbalee coal-bed and the Tdlchir strata, as regards both the strati- 
graphy and paleontology, I consider the Kurhurbalee beds as the lowest, or at least as low 
as the other representatives of the Bar&kar group and the Talchir shales in close connection 
with it. 

From the importance which the Cycadeaeece have for us, I thought it useful to draw 
attention to these remains before they can be published with full descriptions and figures. 

XI.— Note on plant fossils from BarXkab district (Barakar group). 

In the beginning of this year I had an opportunity of visiting those beds of the 
Raniganj coal-field which were designated as the Barakar group. I procured many fossils 
from the mines in Kumardhubi (near Bar&kar), and collected some also in the most western 
part, near Nirscha. 4 

The fossils, which come everywhere' from above the coal seam and partly from bands in 
it, show a great uniformity of forms, and are throughout the same as we find them in tbe 
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"iron shales” and in the Raniganj group of the same coal-field excepting the Schizoneura,, 
which occurs as well in the Panchet group. 

I determined from near Kumardhubi— 

EQUISETACEjE. 

1. Phyllotkeca in die a , Bunb. —Stalks of equisetaceous plants determined with this 

name. 

2. Vertebraria indica, Boyle.— Very frequent ; good specimens. 

FERNS. 

3. Qlossopteris communis, Fstm.— A form with a pointed leaf, with incurved veins 

forming very narrow meshes. Very common through the whole Damudas. 

4. Glossopteris with parallel, long and wide meshes. 

5. Glossopteris with straight veins, forming narrow meshes. 

6. Qlossopteris with very wide and long meshes These will be described subsequently. 

7. Gangamopteris.— Some two or three fragments I suppose to belong to Gangamop - 

teris cyclopteroides, Fstm. 

8. Tamiopteris. — Two specimens, with narrow veins. 

9. A Fruit , which is not unlikely a cycadeous fossil. 

From the western part near Nirscha I determined — 

EQUISETACEiE. 

1. Vertebraria indica, Royle. 

FERNS. 

2. Glossopteris stenoneura , Fstm. — With very equal, long and very narrow meshes. 

Of these Vertebraria indica, Phyllotkeca indica , and most of the Glossopteris species, 
occuv also in the Raniganj group ; if we now add, that in the Barakar group of Talchir 
near Cuttack there is known Sphenophyllum trizygia , Mig., Sphenopieris polymorfes (the 
same as in the Raniganj group), besides most of the Glossopteris species, there certainly 
remains almost only Schizoneura Gondwanenis , Fstm., as peculiar to the Raniganj group, 
while most of the other* fossils it has in common with the Bar&kar group, and moreover all 
the fossils which have been found as yet in the Iron Shales are identical with the same, both 
in the Raniganj and Bar&kar groups. 

The close relation of the Raniganj group with the Panchet group (see further on) 
is unquestionable, by the continuation of the same Schizoneura Gondwanensis, Fstm. ; so 
that all these circumstances shew distinctly rather a continuation of forms from one band 
to the other, than any distinct break or interruption of deposition and of life, and support, 
therefore, the view of a more uniform epoch of time. 

The Kurhurbalee coal strata of which I shall speak in a following number are certainly 
as old as the Bar&kar group in other districts, if $ot lower, as they are so closely connected 
with tho T&lchirs in stratigraphy and fossils ; and as the Kurhurbalee flora has most allies 
in Triassic times, the other strata can scarcely be older. 
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XII. — Fossil plants from near Assensole (Raniganj group). / 

Staying at Assensole, I visited the Nunia to see the Fanchet group. In a north-west 
direction the stream traverses first some strata which were termed the Panchet group, where 
the Schizoneura Gondwanensis , Fstm., was collected. I failed to observe the slightest uncon- 
formity or difference between these strata and those in which the outcrop of coal with fossils 
of the Raniganj group occurs above the village Khumarpur ; so that, here at least, the strati- 
graphy would admit of the relation I have suggested from the fossils. The coal seam out- 
cropping in that part of the Nunia stream and the strata with it have quite the same dip as 
the overlying strata assigned to the Panchet group. Some strata above the outcrop are not to 
be distinguished from those of the Panchet group, and contain Glossopteris , so that I have 
no doubt that this genus passes into the Panchet group. The respective specimens arc in 
our collections. 

Below the coal-seam a thick band of fine-grained sandstone of yellowish color, full of 
Vertebraria indica, Royle, is lying. No other fossils were found in it. 

In the carbonaceous shale with the seam I collected — 

1 . Vertebraria indica , Royle. 

2. Glossopteris , with wide meshes, like those I mentioned from the Barakar group. 

3. Glossopteris , with a round leaf, some of which I know from Raniganj. It will 

be described together with those from Raniganj. 

Completely the same Glossopteris with wide meshes I observed in the mines of the 
Beerbhoom Coal Company near Dadka. The seam is the same. It lies in the Nunia 
stream almost on the boundary marked on the map between the Raniganj and Panchet groups 
in that locality. It has exactly the same dip (south) as the overlying strata, the same rela- 
tions as have the Talchir strata, to the overlying coal strata in Kurhurbalee coal-field. 
In a southern direction from Assensole I followed the Nunia to beyond Beldanga. South- 
east of this place a seam crops out with a southern dip. As in the outcrop in the northern 
part of the Nunia, the shales were much decomposed by the influence of the water, so that 
with great difficulty only a few plants could be got out. It was especially a very thin 
stratum of shale above the coal which contained the fossils ; I could determine the following 
species 

1. Vertebraria indica , Royle, is the common form. 

2. Phyllotheca indica , Bunb. — Some equisetaceous stalks. 

3. Glossopteris . — Prevailing* a form with very narrow leaves, of which the veins, how- 

ever, were different from those in Glossopteris angustifolia, Bgt. I refer it to 
Glossopt . leptoneura , Bunb., from Kamthi ; again another species to connect the 
Raniganj and K&mthi groups as the sam9 horizon. 

4. Gangamopteris — A species with a narow leaf, though different from Gangamopteris 

angustifolia , McCoy. I shall describe it hereafter ; it is from Beldanga. 

It is the second instance of this genus in the Raniganj field, which is so frequent in 
the Kurhurbalee field, and almost the only fossil in the Talchirs ; in the latter two the species 
are identical. * 

The localities of fossils mentioned abefre are new for us as such, but they shew again the 
same character of flora as we are accustomed to see in other localities in the Raniganj and 
Bar&kar groups. 
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^ XIII. — Explanatory note on Glossoptei'is and Qangamopteris. 

I wish to make a few remarks explanatory of some statements in my paper on the 
homotaxis of the Gondwana system.* I do so at the request of Mr. W. T. Blanford, and 
most willingly, as it may explain some misunderstandings which I never intended. 

Both these statements are on page 122. The one refers to the occurrence of Glossop - 
teris in Australia. When I said that there would with great difficulty be found one species 
common with our Damudas, I referred to the lower beds, because, as far as I know the fossils, 
it is so ; while with the tipper beds (I mean those without animal fossils) there will be more 
species identical. My contradiction referred, therefore, to the identity of species of GIossop- 
teris in the Damudas and lower coal-beds in Australia. 

The second statement which I have to explain is about Gangamopteris, which Mr. W. T. 
Blanford mentioned as having been detected by me in the lower coal-beds in Australia. I 
must confess that from a cursory inspection a specimen seemed to me to be Gangamopteris , 
and I mentioned this determination to Mr. Blanford, without, however, the intention 
of having it published. When Mr. Blanford published this determination, which after- 
wards proved wrong, I had to contradict it, but omitted to say that the fault was on my 
side, as the determination was only a superficial one and not correct. 


Notices of new oe eaee Mammals from the Siwaliks, by R. Lydekkeb, b. a., 

Geological Survey of India . 

Since my last notice of Siwalik Mammals, Mr. Blanford has sent from the Manchhar 
(Siwalik) rocks of Sind a small, but very interesting, collection of mammalian teeth ; 
among the species in this collection the following are new to the Sind area, viz . : — 

Sanitherium Schlagintweitii, Meyer. 

Cheeromeryx silistrensis, Pentland, sp. 

Hyopotamus palaindicus, sp. nov. nobis. 

Merycopotamoid , gen. non. det. 

Sus hysudricus 9 Falc. and Caut. 

Acerotherium perimense , Falc. and Cant. 

A mphicyon palceindicus , nobis. 

Of the most important of these specimens I now give short notices, preparatory to 
fuller descriptions and figures ; in the present paper I have also noticed specimens of the 
teeth of two genera of Mammals new to the 8iwaliks, collected by Mr. Theobald in the 
Punjab; the upper molars of a new genus of Siwalik Hippopotamoid are also shortly 
described ; as well as two lower molars of what appears to be a new species of Trilophodont 
Mastodon . 

ARTIODACTYLA. 

Sanitherium Schlagintweitii, Meyer. 

0 

This genus has been hitherto known only by some molar teeth of the lower jaw, from 
Kuahalghar, which will be found figured on PI. 9 of “Indian Tertiary and Post- 
Tertiary Yertebrata :”f among Mr. Blanford’s ooHection there are two upper molar teeth 

* Ree. Geol. 8nrrey, India, IX, 4. 

f Paleontologia Indies, Ser. X, part 2. 
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of a small suine animal, which cannot be referred to any European fossil genus, sti&l 
which from their size I have no doubt belong to the present species. The masticating surface 
of one of these teeth is raised into four cones, separated by a cruciform valley, of which 
the antero-posterior division is very shallow ; there is an accessory cone behind the two 
anterior cones ; the whole crown is surrounded by a crenulated cingulum ; the dimensions of 
one of the specimens are as follows : — 

Inch, 

Length ... ... .. .. .. ... *56 

Breadth .. .. .. ... .. ... -52 

Height of crown .. ... .. *29 

The excess in size of this tooth over the lower molar of Sanitherium Schlagintweitii 
is proportionate to the excess in size of the upper over the lower molars of the pig. The 
upper molars seem to be nearest to those of Choerotherium , but are distinguished by the 
greater proportionate length of their antero-posterior diameter, and by the larger size of 
the fifth tubercle on the masticating surface. 

Ch<ebomebyx 8ILI8TBBN8I8, Pentland, sp. 

This genus has been hitherto known only by three specimens of upper molars from 
Caribari (Garo hills, N. E. Bengal)* which were originally figured by Pentland in the second 
volume of the second series of the " Transactions of the Geological Society of London,*' 
under the name of Anthracotherium silistrense; the genus Choeromeryx was subsequently 
made by M. Pomelf for the reception of these specimens : the original specimens are now in 
the Museum of the Geological Society. Figures of these specimens are also given on PI. 68 
of the 11 Fauna AntiquaSivalensis. ,, Mr. Blanford has sent down a single right upper molar 
tooth of this species, which exactly corresponds with the larger of the original specimens, 
and which therefore requires no further description here. This rare tooth is extremely 
valuable as shewing that the Bengal rocks are on the same horizon as the typical Siwaliks 
of Sind. It is very remarkable that the only known teeth of this genus have been found 
in two localities so far removed from each other as Sind and N.-E. Bengal. 

Hyofotamus paljeindicus, n. sp. nobis. 

Up to the present time the last noticed genus has been the only one of the pig-like 
animals with five-columned teeth which has been fouud in India; the exclusively Indian 
genus Merycopotamus dilfering from its European congeners by having only four columns 
on its upper molars. Among Mr. Blanford s collection there are two upper molar teeth, 
one much worn, and the other only touched by wear, which belong to a species of Seleno- 
dont pig-like animal, but which carry five columns on the crown, in place of the four of 
Merycopotamus; the additional column occurs between the outer and inner columns of the 
anterior half of the tooth, occupying the same position as in the genus Hyopotamus . 
The general form of the tooth is very like that of Hyopotamus velaunus ; the outer 
surfaces of the outer pair of columns of the Indian specimens have, however, a larger 
median ridge, and in this respect resemble Merycopotamus . The form of the worn dentine 
surfaces is like Hyopotamus . From the presence of five columns on the crown of the Sind 
specimens, I have referred the specimens, at all events provisionally, to the genus Hyopota- 
mus , with the specific name of palmndicus ; further discoveries may shew that the 
specimens belong to a new genus intermediate between Hyopotamus and Merycopotamus : 
in any case, the specimens ave of great ^interest, in shewing that the two last mentioned 

* The locality is given by Colebrooke (Tr. G. Soe., Lon., Ser. II, Vol. I, p 182;— the left bank of the Brahmaputra, 
above Mohendroganj. The river has moved westward since then, 
t Compt. Rendus, 1818, p. 687. 
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gSuera are more closely connected than supposed by Professor Kowalevsky in his memoirs 
on the Hyopotamida. The dimensions of the least worn of the two teeth are as follows : — 

Length ... ... ... ... ... ... ... *8 

Breadth ... ... ... ... ... ... ... *89 

Height of erown ... ... ... ... ... ... ‘46 

The genus Hyopotamus in Europe ranges from the Upper Eocene to the Lower Miocene ; 
in Sind it is obtained from beds which immediately overlie strata of Upper Miocene age. 

New genus of Merycopotamoid. 

A large and complete upper molar tooth, scarcely touched by wear, is among Mr. 
Blanford’s collection, which belongs to the same type of teeth as those of Merycopotamus , 
but which cannot be referred to this or any other known genus. The tooth carries four 
crescentoid columns on the masticating surface, which are relatively higher than those of 
Merycopotamus; the general form of these columns is the same as in the latter genus, 
with one important exception, which is that the external surfaces of the outer pair of 
columns are simply concave; they lack both the bold median ridge and the reflected 
anterior and posterior borders which characterise the teeth of Merycopotamus ; the tooth 
has a well marked cingulum, as in the latter genus. The dimensions of the specimen are 
as follows : — 

Length ... ... ... ... ... ... ... 1'13 

Breadth ... ... ... . ... ... ... 1*1 

Height of crown ... ... ... ... ... *81 

I hope that additional specimens will be forthcoming to further elucidate the affinities 
of this specimen. 


Anthracotherium Punjabiense, n. sp. nobis . 

Among a large collection of teeth collected in the Siwaliks of the Punjab by 
Mr. Theobald during last year, I have lately discovered a portion of a lower jaw which 
undoubtedly belongs to the above genus. The discovery of this genus, like Hyopotamus 
in the Siwaliks, is very remarkable, if the specimen has been obtained from the same 
horizon as that from which the majority of fossils come, since in Europe the genus is not 
found in strata newer than the Lower Miocene. It is, however, quite possible in this case, 
though not in the case of Hyopotamus, that the specimen may have been obtained from a 
lower zone in the Siwaliks than the one which yields the majority of vertebrate fossils : 
the greater number of the specimens obtained from these deposits are either gathered 
from the washed-out debris of the rocks by native collectors, or obtained by them from the 
villagers. If the specimen is from the normal fossiliferous zone, it affords another instance 
how in one region a genus may live down to a very much later period of time than in 
another ; and so how the faunas of what are two distinct periods in one region may all 
appear in the same period in another region. 

The specimen in question consists of the hinder portion of a right ramus of the mandi- 
ble, containing the two last molars. The inner columns of the barrels of these teeth are 
approximately conical (bunodont), while the outer columns are concave internally (seleno- 
dont) ; the anterior extremity of the hindmost outer column joins a process from the inner 
column, so that the intermediate hollow is closed anteriorly and open posteriorly ; the last 
molar has a large talon-column which is concave anteriorly, and which gives off a central 
process to join the postero-external column. The teeth are almost identical in general form 
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. with those of the European A, magnum , but are of very much smaller size (they are tcnli^/ 
those of the smaller species from Rochette). The dimensions of the specimen are as 
follows : — 


Length of last molar 


... 



Inch. 

... *02 

Width of ditto 


... 


... 

... *44 

Longth of penultimate molars 


... 


... 

... *6 

Width of ditto 


... 


... 

... *42 

Depth of jaw (broken) ... 

... 



... 

... *95 

Thickness of ditto 

... 

... 

... 

... 

... *5 


Although these teeth belonged to an animal of about the same size as Chceromeryx, 
they cannot be referred to that genus, as they present no generic points of difference from 
the teeth of the European species of Anthracotherium , which we should expect to occur in 
the lower molars of Chceromeryx . The only other mention of Anthracotherium among 
Indian Tertiary Mammalia is given in Dr. Falconer’s paper on the Perim Island fossils 
(Palaeontological Memoirs, Vol. I, p. 395), where certain teeth sent to the Asiatic Society 
of Bengal were doubtfully referred by the late Mr. James Prinsop to the genus Anthra- 
cotherium ; I have no means of knowing whether or not this identification was correct, as 
the specimens seem to have been lost. 

Since publishing some notes on the osteology of the allied genus Merycopotamus , in 
the ninth volume of the Records of the Geological Survey of India (page 144), I have 
had the opportunity of seeing a table of descent of the genera of the Ungulata published 
by Professor Kowalevsky in the twelfth volume of the German “ Palaeontographica,” after the 
perusal of which I am led to make a few additional remarks on the affinities of the genus 
Merycopotamus and its allies. 

In a table which I have published in the “ Palaeontologia Indica” (Ser. X — 2, Vol. 1—2, 
pj 60), I have placed the genus Merycopotamus provisionally in the family Anthracotheridce , 
remarking that the genus presents points of affinity in the form of its teeth (selenodont) 
to Anthracotherium and Hyopotamus , and in the form of its lower jaw to Hippopotamus; 
the same conclusion was intended to have been given in the above-quoted paper for the 
Kecords, only by an unfortunate slip the words Hippopotamida and Anthracotheridce 
have been transposed in the twelfth line from the bottom of page 153. The close connec- 
tion of Merycopotamus with Hippopotamus is noticed by Professor Huxley, who states in 
his “ Anatomy of Vertobrated Animals” (Ed. 1871, p. 375) that this animal " appears to 
have been a Hippopotamid, with upper molars having a quadri-crescentic, ruminant-like 
pattern.” 

Reverting now to Professor Kowalevsky ’s table of affinity, we find that the genera 
Anthracotherium , Hyopotamus , and their allies, are supposed to have taken their origin 
from some more generalised type of Hyopotamoid animals in the lower Eocene period, 
which common stock also gave origin to the more modern group of Ruminants. At this 
lower Eocene period, according to Professor Kowalevsky, the primitive Artiodactyla {Pari- 
digitata) had already differentiated into the two groups of Selenodonta and Bunodonta , 
the early hyopotamoids being a lateral off-shoot of the first group ; these two groups have 
since that time pursued separate courses of evolution, and have had no connection one 
with the other. The genus Hippopotamus took origin from a lateral off-shoot of the 
Bunodonta ; this genus, therefore, which has a typical bunodont dentition, can have had 
no direct connection with the Hyopotamoid stock since the early Eocene period. 
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v The genus Merycopotamus is not introduced into Professor Kowalevsky 's table ; there 
can, however, be no doubt but that since its teeth are very markedly selenodont, the genus 
would be placed somewhere near the Anthracotheridce (or Hyopotamida ?, for the family is 
known by both names) and entirely apart from the Hippopot amides. In his Memoir on the 
Osteology of the Hyopotamida ?, published in the “ Philosophical Transactions” for 1873, 
Professor Kowalovsky refers to the genus Merycopotamus at page 25 as belonging to 
a group nearly related to Jlyopotamus , though it seems probable that the Professor 
would place the two genera in distinct families, owing to the upper molars of the Indian 
genus having only four cusps or cones on the masticating surface, while those of the 
European genera carry five. Whatever be the exact family position of the Indian genus, 
it is perfectly clear that according to Kowalevsky’s plan of evolution there can have been 
no connection between the original stocks of Hippopotamus and Merycopotamus since 
the lower Eocene period. 

I have already noticed in my former paper the very remarkable similarity in the form 
of the mandibles of Hippopotamus and Merycopotamus ; and I think every one must admit 
that these two genera must have descended from some common ancestor which had a some- 
what similarly shaped mandible. Now, neither of these two genera is known in the fossil 
state from Btrata older than the Siwalik period; while no other Pig-like animal, either 
recent or fossil, has a similarly shaped lower jaw, though there is a very slight rudiment 
of the descending process in the American Peccari and Hyopotamus ; it is further a very 
noteworthy fact, that the lower jaw of the Siwalik Hippopotamus (as is well shewn in 
PL 61 of the “ Fauna Antiqua Sivalensis”) which is the oldest known species of the genus, 
is very much more like that of Merycopotamus than is the lowor jaw of the living 
species ; indeed, except in the matter of size and of the form of the teeth, the jaws of the 
two Indian forms are almost indistinguishable. If the common ancestor of these two 
genera had lived as far back as the lower Eocene period, it is extremely strange that the 
remarkable configuration of the lower jaw should have persisted in these two isolated genera 
up to the Siwalik period, and that there are no traces of any fossil forms with similarly 
shaped lower jaws which lived between the Eocene and Siwalik periods ; it is therefore 
probable that the hypothetical ancestor of these two genera lived subsequently to the 
Eocene period ; and that the Bunodonta and Selenodonta are more closely connected than 
Kowalevsky supposes. 

With regard to this hypothetical ancestor, we may notice that Merycopotamus exhibits 
such ’affinities to the older Hyopotamoids of Europe, now known for the first time in India, 
that it is almost certain that the ancestral form must have been selenodont or hemi-seleno- 
dont, and that, consequently, Hippopotamus is descended from a selenodont and not from 
a bunodont ancestor. In favour of this view wo may note the very significant fact that, 
in tracing back the affinities of Hippopotamus , Professor Kowalevsky has not been able 
to place a single genus between it and the primitive bunodonts of the early Eocene. If 
this view bo true, the bunodont teeth of Hippopotamus are an instance of reversion to 
an older type ; iu confirmation of this view we may notice that the pig-like animals with 
solenodont teeth, like Merycopotamus, Hyopotamus and Oreodon , have all disappeared 
from the earth, and evidently belonged to a type which was not suitable to persist 
in that condition ; this type is admitted to have been modified into the true Ruminants^ 
and it is quite likely that another branch of it may have reverted to the bunodont 
typo* K seems to he probable that the more specialised selenodont type of tooth, though 
advanio&oous to the true Ruminants, was not suitable to those animals which retained 
the geooral organisation of the Pigs, and that these animals either were further modi- 
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Red into more specialised groups, or died out, or reverted to the 
type. 


more generalised bunodon 



The resemblance in structure between Hippopotamus and M sri/copotamus, whether 
the above explanation bo iully accepted or not, clearly points to some closer connection 
between the Selenodonta and Bunodonta than appears from Kowalevsky's tablo. In that table 
the term Bwnodonta is used as equivalent to the Sain a ; but it appears to me much more 
natural to use the latter term in its older and wider sense as comprehending the pigs, 
the hippopotamoids, the hyopotamoids, and the anoplothcrioids, since all these animals 
are related in many essential parts of structure; the two former groups will belong to 
the smaller division of Suina Bunodonta , and the two latter to the second similar 
group of Suina Selenodonta; from which latter the more specialised Selenodonta have been 
developed as a lateral off-shoot. 


Hippopotamodon Sivalense, n. gen*, nobis . 

The specimen for which I propose the above new generic name consists of a portion of 
a left maxilla of an animal allied to Hippopotamus , but which cannot be referred to that 
or any other known genus. The specimen has been for some time in the Indian Museunj^ 
and was collected by Mr. Theobald near the village of A snot, in the Punjab, from upper 
Siwalik strata. The fragment shows the commencement of the zygomatic arch, and some 
portion of one-half of the palate ; two nearly complete teeth, and a fragment of a third 
are preserved. The three teeth appear to he the three true molars ; the, last of these, being 
the most complete, is here selected for description. 


This tooth has a nearly square crown, which is produced into four cones or columns, 
one placed at each angle ; these columns are separated by a deep but narrow cruciform 
valley ; between the four chief columns there is a small fifth column ; while still smaller 
accessory columns occupy each of the four outer extremities of the cruciform valley ; a 
erenulated cingulum occupies the fore and aft extremities of the crown. The main columns 
are semi-cylindrical in shape, and have infoldings of enamel from in front and behind, so 
that their worn dentine surfaces have somewhat of a trefoil shape, though this is not 
so marked as in Hippopotamus. The last tooth is placed immediately below the anterior 
root of the zygoma, as in the pig. The dimensions of the two last molars are as follows : — 


Length of last molar 
Breadth of ditto 
Height of crowu of last molar 
Length of penultimate molar 
Breadth of ditto 


1*1 

1*29 

7 

11 

1-05 


The teeth are nearest to those of Hippopotamus, but arc distinguished by the presence 
of the central fifth columu, by the relative size of the other four accessory columns, by the 
crown being much lower, by the greater depth of the transverse valley, which extends to the 
base of the crown, by the form of the worn dentine surfaces, and of the cingulum, and 
lastly, by the position of the ultimate molar below the anterior zygomatic root. 

The teeth of this new genus have no cfcse resemblance to the molars of Tctraconodon ; 
those of the latter genus, among other distinctive points, have wide open valleys, eylindri- 
form columns, and no ciugulum. 
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Hifpothebium theobaldi, nobis, 
olim: Sivalhippus. 

Jn the last number of the “ Records” (p. 31) 1 described a maxilla of a species of horse 
from the Siwaliks, which I then thought necessary to refer to a new genus, and for which 
I accordingly proposed the name of Sivalhippus; I now find that the specimen must probably 
he referred to Hippotkerium, though it presents certain abnormalities which will perhaps 
subsequently render it necessary to make it sub-generically distinct, in which case the term 
Sivalhippus may be retained for the sub-genus. 

In referring the specimen to a new genus, I was led to believe that the four protruded 
teeth belonged to the premolar series, in which case they would be exceedingly different from 
those of Hippotkerium ; I now find, after removing some more matrix, that the teeth 
must belong to the milk-molar series, in which case they are like those of Hippotkerium in 
form, though they differ in the rate of succession. 

I was led to consider the four teeth as premolars and not milk-molars, because they have 
only just come into wear, and yet behind them there is the alveolus of a fifth tooth, which 
must have been protruded from the jaw ; now, in other horses, this fifth tooth, or first true 
molar, would not have pierced the jaw until the milk-molars had been considerably worn 
down, and until their vertical successors were visible in the jaw above them, which is not the 
case in the present specimen ; on the supposition, however, that the visible teeth are premo- 
lars, the first molar must have been more worn than they, and must have left a disc of 
pressure against the last of the first series. I now find after further clearing, that the last 
protruded tooth of the specimen does not exhibit any disc of pressure behind, and that, conse- 
quently, the fifth tooth, or first molar, could not have been in use, hut had merely cut the 
gum ; this tooth was therefore newer than the first four teeth, which must consequently be 
milk-molars, and not premolars as at first supposed. 

From the above explanation it will be evident that this species of Hippotkerium differs 
from the true Horses, and, as far as I can gather, from other species of the genus, by the 
unusually early period at which the first true molar appears, — almost as soon as the milk- 
molars are touched by wear and before their vertical successors have shewn in the maxilla. 
In the genus j Equus the first true molar does not appear until between the eleventh and 
thirteenth month, when the milk-molars have been greatly worn down, and when their roots 
have been to a great extent absorbed by the premolars. >. 

The teeth of the present specimen are too large to belong to the milk dentition of H. 
antilopinum , hut they may probably be referred to the larger Siwalik species, which H. von 
Meyer identified with the European H. gracile , but which I have found, as already stated 
in my last paper, to differ somewhat from the European species in the form of its upper 
permanent molar series ; this larger species will, therefore, now be known as H. tkeobaldi. 
The rate of succession of the dental series, together with the unusually large size of the 
lachrymal depression in the adolescent maxilla, sufficiently distinguish the species from the 
European H. gracile. The Indian Museum also possesses specimens of the first median 
phalange of the foot of this species, which is extremely different from the corresponding 
bone in the European species, or in the smaller Indian H. antilopinum ; there is, therefore, 
no doubt of the very aberrant nature of the larger Indian species, though from the resem- 
blance of its upper molars to those of typical forms, I. think it best for the present to retain 
it in the genus Hippotkerium , and to drop the proposed name of Sivalhippus ; the question 
will be more fully discussed on a subsequent occasion. 
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Mastodon (Tbilophodon) sp. nov . ? 

No species of Trilophodont Mastodon lias hitherto been known from the Siwaliks, 
though one species — M. pandionis— has been found in the Deccan. I have now to announce 
the presence of a species in the Siwaliks ; this species is known by two lower molar teeth, 
one of which is the last milk-molar, and the other is the penultimate true molar. Both 
specimens were collected last year by Mr. Theobald from the Siwaliks of the Punjab. 

Each of these teeth carries three transverse ridges and a fore and aft talon; the 
presence of only three ridges on their teeth shews that they cannot belong to either of 
the two Indian Tetralophodont Mastodons {M. latidens and M. perimensisj or to the 
aberrant Pentalophodont M. sivalensis; in the first of these groups only the very small 
second milk-molar is trilophodont, while in the second group only the first, and perhaps the 
second, milk-molars are trilophodont. 

Both the present specimens belong to the wide-toothed Mastodons ; the ridges are 
divided by an antero-posterior median valley ; the first two pairs of columns are placed in 
the same transverse line, but the third pair are placed somewhat un symmetrically ; there is 
a large quantity of cement in the valleys, which of itself would be a sufficient distinction 
from the other Indian species : the transverse valleys are fairly open. The length of the 
larger specimen is 6*8 inches, and its breadth 3*7 inches : the length of the last milk, 
molar is 4*1 inches, and its breadth 2*4 inches. 

The teeth have not the complex crowns of the Trilophodont Mastodon pandionis ; 
it is therefore quite clear that they are distinct from all other Indian species of the genus ; 
I believe they are also distinct from any European . species. If the latter should prove 
to be the case, I should propose to call the present species by the name of Mastodon 
(Trilophodon) Falconeri in honor of the describer of the many other forms of extinct 
Indian Proboscidia. 


CARNIVORA. 

PSEUDJELUBUS SlVALENSIS, n. Sp . 

Mr. Theobald s Siwalik collection from the Punjab contains one-half of a lower jaw of 
a Feline animal with four pre-molars which consequently belongs to this genus; the 
specimen belonged to an animal of about the size of a small Leopard. The carnassial tooth 
is of the normal Feline type : only two other specimens of the genus Pseudmlurus are 
known, one from the Miocene of Sansans, and the other from the Pliocene of Nebraska. 
Both species are distinguished by their size from the present specimen. The dimensions of 
the specimen are as follows 

Length of jaw (broken) ... .. 3'5 I Thickness •• .. .. *6 

Depth .. .. .. .. ‘8 I Length of alveolus of canine .. *75 


AMPHICTON PALEINtilCUS, nobis. 

The only remains of this species hitherto known are an upper tubercular molar, and 
a lower carnassial, one from Kushalghar, and the other from Nurpur. These specimens 
are figured on PI. 7 of “ Indian Tertiary and Post-Tertiary Vertebrata.”* Mr. Blanford 
has sent from Sind the anterior half of a right lower carnassial, which exactly corre- 
sponds with the Nurpur specimen, and* which shows that the species extended its range 
into the Sind area. 


* Palwontologia Indies, Ser. X— 2, Vol, 1—2. 
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'"fiJoTE on the Arvali Series in North-Eastern Rajputana, by C. A. Hacket, • 

Geological Survey qf India. 

The rocks that have been named the Arvali Series cover a large area in Rajputana. 
The portion of them which has been examined, and of which the following is a brief 
description, lies in the territories of the Rajahs of Alwar, Jaipur, Bhartpur and Karauli, 
included between Bhartpur on the east and Jaipur on the west, the northern boundary 
of the Alwar territory on the north, and a line drawn in a south-westerly direction from 
Byana through Karauli to the fort of Rimtumbour on the south. 

This area is occupied by ranges of hills, the highest of which rise to an elevation of 
upwards of 2,500 feet above the level of the sea, and about 1,600 feet above the general 
level of the surrounding country formed of wide sandy alluvial plains. Some of these 
hills are narrow ridges ; others form considerable masses, occasionally flat-topped, pre- 
senting arid, stony plateaux several square miles in extent, The principal of these hill- 
groups are those of Alwar, Byana, Lalsot and Rimtumbour. 

The Alwar hills are in places twenty miles across ; they are, however, intersected by 
narrow longitudinal valleys having the same general direction as the hills themselves ; both, 
in fact, following the strike of the rocks. 

The direction of the ranges varies considerably ; the most general direction is north 
to south and north-east to south-west, but in places the ridges describe a complete 
semicircle. 

The principal rivers draining this area are the Moril, Banas, Sabi and Banganga. Th e 
two former fall into the Chambal near Rimtumbour, and the two latter into the Jumna, 
one near Delhi and the other below Agra. Their broad, shallow sandy beds, sometimes 
upwards of a mile wide, contain little or no water, except in the rains. 

In the accompanying map, on account of its small scale, the hill-shading has been 
omitted. 

Besides the Arvali series, there are in our area a gneiss and a schist series, the 
Gwalior and the Vindjiyan series. 

The gneiss is confined to a few small isolated hills on the plain, and some outcrops 
at the base of the scarps of the Arvali rocks on both sides of the Banganga valley ; but in 
the latter position it is very imperfectly seen, as it is mostly covered by the debris of the 
overlying rocks. 

The schist series is exposed in several places in the Byana hills and at Malarna near the 
Moril river. In the Byana hills at Nithahar, the schists consist of alternations of mica- 
schists and thin bands of quartzites ; they are nearly vertical, and are overlaid unconformably 
by the rocks of the Arvali series. 

Both the Gwalior and the Vindhyan series have already been described, the former in 
the Records and the latter in the Memoirs of the Survey. 

The Gwalior series is represented in our area in the ridge at Hindun, extending in a 
north-east to south-west direction, and formed of banded red jasper alternating with bands 
of hcematite. 

The Vindhyan series is represented by a few outlying hills which occur west of a line 
of fault forming the north-western boundary of the main basin of the series. 

The rocks of the Arvali series are much disturbed, . seldom dipping at a lower angle 
than 70° ; their most general strike varies from north— south to 
Artali ssrte . north-east— south-west ; but in places they describe nearly three-fourths 
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of a circle. In the Alwar territory, whero more extensive and continuous sections are ey*' 
posed than elsewhere within our area, the rocks are foldod up and repeated many times ; 
thus, a short distance north of the Banganga river the same beds are repeated at least a 
dozen times in a section sixty miles long. The rocks have undergone a considerable amount 
of metamorphism, some of the quartzites being compact and vitreous, the limestones highly 
crystallised and full of minerals, such as shorl, actinolite, tremolite, &c., and the schists and 
slates highly mineralised, containing an abundance of crystals of andalusite, staurotide, 
garnets, &c. An arkose rock, or pseudo-gneiss, locally forming the base of the series, is often 
so highly metamorphosed as to render it difficult, in places where good junction-sections are 
not exposed, to tell it from the older gneiss upon which it rests. 

A great variety of rocks is included in the series, the principal of which are quartzites, 
dolomitic limestone, contemporaneous trap, hornstone-breccia, schists and slates. 

These have been grouped in the following manner, in descending order 
Mandan — slates, schists, quartzites. 

Ajabgarh — slates, quartzites, hornstone-breccia, limestone. 

Alwar — quartzite, conglomerate, schists, limestone, bedded trap. 

The Alwar group has been sub-divided in descending order into — 


Alwar group. 


Alwar quartzites, including irregular bands of schists, conglomerate 
and contemporaneous trap, 

Raialo limestone, 

„ quartzite. 


The lowest beds, the Raialo quartzite and limestone, are only seen near the southern 
extremity of the Alwar hills north of the Banganga river. In the three bays of Andhi, 
Bhangarh and Baswa, the quartzite, compact in texture, regularly bedded, and grey in color, 
rests upon the gneiss and dips under the limestone. 


The limestone is highly crystallised and dolomitic, and abounds in tremolite, shorl 
and actinolite ; it is often pure white, but marbles of a great variety of color and also of 
texture can be obtained. There are large spreads of the limestone at Raialo and Baldeogarh 
and at Kho ; in other places, as west of Andhi and in the Baswa bay* the thickness is con- 
siderably less. No good sections of the junction between the Raialo quartzites and the 
gneiss are exposed, although the two are often seen within a few yards of each other ; the 
actual junctions are all covered by the debris. 

Both the Raialo quartzite and limestone are locally overlapped by the next higher member 
of the group, the Alwar quartzite, which then rests directly on the gneiss. A few good 
sections of the junctions are exposed, which shew that the Arvali series is quite unconform- 
able to the gneiss. The Alwar quartzite is the most prominent member of the whole series, 
both from the extent of ground it covers, and from the highest and largest groups of hills 
being formed of it ; also from the principal forts in the neighbourhood, those of Byana, 
Alwar and Rimtumbour being built on it. 

The thickness of the Alwar quartzites varies considerably in different sections ; thus, in 
the Byana hills an enormous thickness of them is exposed in an unbroken section upwards 
of five miles long in which the rocks have a steady dip to the north of about 20° ; hut 
about Nithahar the lower beds die out and the quartzites are reduced to a few hundred feet. 
In the Lalsot hills, where the rocks dip at a much higher angle, the quartzites are in 
force. In the Alwar hills, too, there is in places a great thickness, but they thin out to 
a few hundred feet in a southerly direction. 


The quartzites are mostly light grey in color, regularly bedded and compact in texture, 
although coarser beds are of frequent occurrence. They also include, especially in the 
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^yana hills, thick bands of conglomerate. Ripple-markings and sun-cracks are common and, 
are particularly well seen in the Alwar fort hill. An arkose is of frequent occurrence at the 
base of the Alwar quartzites, where they rest upon the gneiss. 

The best section of the junction of the Alwar quartzites and the gneiss is exposed 
near Tatra. South of the road leading to Tatra the granitic gneiss occurs at the base 
of the ridge, and upon this restB a regularly bedded coarse quartzite dipping at a high 
angle to the west. North of the road some additional beds come in between the gneiss and 
the quartzites. Resting directly on the gneiss is a band of conglomerate about two feet 
thick, composed principally of rolled pebbles of quartz ; upon this there is a considerable 
thickness of the arkose, the materials of which were apparently derived from the gneiss ; 
this passes up gradually into the ordinary quartzites of the series. Other sections shewing 
the unconformity between the two series are exposed near Garhi a few miles east of Tatra, 
and near the southern end of the Tatra ridge at Sabraoli, as well as in the Lalsot hills at 
Geesgarh. 

In places the arkose rock has been re-metamorphosed to such an extent that when not 
seen in connection with the gneiss below, or the quartzites above, it is difficult to tell it from 
the true gneiss. Instances of this occur in the hills round Harsora, which are formed of 
obscurely bedded gneiss, but from their being isolated on the plain (the only rock near is a 
ridge of quartzite about half a mile to the south) I am unable to say to which series they 
belong. At Dodikar, a few miles north-west of the town of Alwar, where the arkose rocks 
are well developed, they form a circle of hills, in the centre of which the rocks are covered 
by the alluvium, blown sand, &c. The arkose at the base of the hills is highly crystalline 
and as gneissose as that of the Harsora hills, but here they pass up gradually into the 
quartzites which cover them. Other sections of the arkose rocks passing into the quartzites 
are met with at Palpar, Baggeri, Khertal and Pahari. 

The best sections of the Alwar quartzite are to be seen in the Byana hills, where an 
enormous thickness of them is exposed, as they are less disturbed and altered than elsewhere, 
for although they are a good deal twisted along the strike, they scarcely ever dip at a higher 
angle than 20°, At Byana the strike is north-east to south-west ; but at Badalgarh, a short 
distance west, it changes to west-noTth-west, east-south-east ; and at Hathoree, about twelve 
miles further west, it again becomes north-east to south-west. 

In these hills the lowest members of the Alwar group (the Raialo quartzite and lime- 
stone) are absent, and the group consists principally of quartzites, Bhales, thick bands of 
conglomerate, and contemporaneous trap. Overlap occurs among the quartzites, and there 
are two cases of local unconformity. 

The Alwar group in the Byana hills rests unconformably upon the schist series. The 
unconformity can be well seen at Nithahar, where the quartzites rest upon the edges of the 
nearly vertical schists, consisting of alternations of argillaceous and quartz schists, and with 
a thin band of conglomerate seldom more than a foot thick between them. Other sections of 
the unconformity are exposed a few miles further west. 

The Alwar quartzites in these hills can be divided into several sub-groups well marked 
by overlap or local unconformity : 

Weir— quartzites and black slatey shales. 

Damdama— quartzites and conglomerate. 

Byana— white quartzite and conglomerate, 

Badalgarh— quartzite and shale. 

Nithahar— quartzites and bedded trap. 



part 2.] Racket: Arvali Series in North-Eastern Rajpntana. 


87 

The middle sub-groups attain to an enormous thickness at the eastern end of the htffsf 
but die out near Hathoree. At the western end, a few miles south-west of Nithahar, all the 
lower sub-groups are overlapped by the highest, which then rests upon the schists. The 
lowest of these sub-groups, the Nithahar, consists of upwards of 2,000 feet of quartzites, 
including several bands of contemporaneous trap. The next sub-group, the Badalgarh, 
consists of about 800 feet of shales and quartzite, best seen in the Badalgarh fort hill, but 
west of this it gradually thins and dies out near Seta. 


The Byana sub-group is formed of a white quartzite containing many bands of conglo- 
merate. It extends from Byana some miles west, but dies out three or four miles east of Seta. 
These conglomerate bands are well seen iu the hills near Byana. They vary in thickness 
from 1 to 20 feet, divided by thin bands of quartzite. They are made up of pebbles of 
quartzite, very similar 'to those of the lower sub-groups. All of the conglomerate bands die 
out within a quarter of a mile of Byana. Above the Byana comes the Damdama sub-group, 
composed of an enormous thickness of conglomerate and quartzite. The conglomerate is 
made up of pebbles of quartzite, jasper, and white quartz, all more or less water-worn. 
Like the other sub-groups, this thins out very rapidly. At Hathoree, where the strike of 
the rocks suddenly changes, it is reduced to a few feet ; it expands again a short distance 
further south-west, but is eventually overlapped a few miles south of Hithahar by the 
highest sub-group, the Weir. 

In a gorge about one and a half miles east of Seta, the Damdama sub-group for a short 
distance rests upon a denuded surface of the Badalgarh sub-group ; further west the latter 
sub-group dies out and the Damdama rests unconformably on the Nithahar sub-group* 
These unconformities appear to be local, for to the east of Seta, where good sections of the 
junctions of the different sub-groups are exposed, no trace of unconformity could be detected. 

The highest sub-group, the Weir, consists of black slaty shales, and a great thielcness of 
quartzites. It occupies the broken east and west ridge a short distance north of the Byana 
hills. At Hathoree the strike changes to south-west, and at two or three miles south-west of 
Nithahar it overlaps all the other sub-groups and rests upon the schists. This ridge of 
Weirs continues in a south-west direction and connects the Byana with the Lalsot hills, 
where there is again an enormous thickness of the Alwar quartzites in which presumably all 
the sub-groups are represented, but are not distinguishable, as all the conglomerates have dis- 
appeared. In the Alwar hills, too, these sub-groups cannot be traced, although there is an 
equally great thickness of the quartzites, including several thin bands of conglomerate, but 
which are very irregular, continuing only a short distance along the strike. 

The Arvalis along their south-eastern boundary, between Karauli and the Banas river, 
form two synclinals in which both the Alwar quartzites- and the lower portion of the Ajab- 
garh groups are exposed. South-west of the Banas a considerable thickness of the Alwar 
quartzites, including two or three bands of trap, is Been in a shallow synclinal in the 
Rimtumbour hills. 


This boundary of the Arvalis is formed by a fault, on the south-eastern side of which 
the top group of the Yindhyans is brought against the Alwar quartzites. In the two syn- 
clinals between Karauli and the Banas river, on the north-west side of the fault, are several 
ranges and hills formed of shales and sandstone, probably the representatives of lower 
members of the Vindhyan series. 


The rocks of this group occur chie% in the Alwar bills ; but a small thickness of 
them is also exposed in the Rimtumbour bills. In the Alwar hills 
jabgarh group. they occupy the synclinal trough in the quartzites of the Alwar group ; 
they also form the ridges to the cast of the town of Alwar, The group contains a consider- 
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aWe thickness and a great variety of rocks, the principal of which are limestone, quartzites,* 
hornstone-breccia, and slates. 


The lowest member of the group is a thick band of limestone called the Kushalgarh 
limestone. It is generally compact in texture, dark and light blue in color, the two shades 
arranged in alternate bands, and frequently contains an abundance of schorl, actinolite, and 
Iremolite. The hornstone-breccia is generally found on the top of the Kushalgarh limestone, 
but is frequently absent. Above this there is a band of quartzite, upon which rests a con- 
siderable thickness of hlack slates frequently containing garnets and and&lusite, capped by a 
quartzite, the Berla quartzite. 

So far the section of the Ajabgarh group is continuous in the valleys; but the upper 
rocks, being only exposed in the isolated ridges east of Alwar, are difficult to place in the 
section. The ridge extending from the Motidongri hill, close to Alwar, composed of alter- 
nations of calcareous and quartzite bands, is clearly higher in the section than the Berla 
quartzite ; and the Goleta ridge, about six miles east of Alwar, is probably still higher in the 
section. 


The best sections of the lowest beds of this group are exposed in the Kushalgarh and 
Ajabgarh valleys. In the former, from the town of KtLshalgarh to the mouth of the valley 
at Talbrich, the whole of the bottom of the valley, in places upwards of a mile wide, is 
occupied by the Kushalgarh limestone. Higher up the valley, rocks higher in the section 
come in. Both the breccia and quartzite are poorly represented, but the black slates arc 
well developed and include thin and irregular bands of limestone as well as one or two bands 
of hornblende rock. 

A thicker section of the Ajabgarh group is exposed in the Ajabgarh valley. The 
Kushalgarh limestone resting upon the Alwar quartzites is seen on both sides, dipping 
towards the centre of the valley, though not so continuously on the west as on the east side. 
The hornstone-breccia and the quartzites above appear to be very irregularly developed in 
this valley. The breccia is nearly continuous on the west side, and there is but little of the 
quartzite, but on the east side, particularly at the northern end, a considerable thickness 
of the quartzites, but little of the breccia, is seen. The whole of the centre of the valley 
is occupied by the hlack slates. These rocks extend into the Narainpur valley as far as 
Gazeka Thana; but north of that there are only a few small hills of slates in the centre, 
and some of the limestone and breccia on either side of the valley. The remainder is 
covered by the alluvium. 

In the Delawas valley, patches of the Kushalgarh limestone are exposed on both sides 
of the valley ; the higher rocks occupying the centre are covered by the alluvium. Near 
Sillisur, about four miles south-west of Alwar, the hornstone-breccia above the limestone 
is exposed. It is in some places obscurely bedded, but it generally occurs in great masses 
devoid of any structure. It sometimes contains large pebbles of quartzite ; this iB the case 
at the southern end of the Sillisur lake, where it is largely developed. 

The eastern edge of the Alwar quartzites at Alwar, and for a long way south, dips at 
an angle of about 80° to the east under a broken section of the Ajabgarh group, here repre- 
sented by a few hillocks of the Kushalgarh limestone and breccia and the overlying 
quartzites. The slates arc entirely covered by the alluvium which extends to the Moti- 
dongri ridge, formed of nearly the highest member of the group. 

Of the ridges to the east of the Motidongri ridge many are formed of the rocks of the 
Ajabgarh group. Thus, in the hills forming a broken circle a few miles east of Alwar, 
in the centre there is a hill of*the Alwar quartzites dipping in all directions towards the 
edge of the circle and under the encircling ridge of the Ajabgarh rocks consisting, on the 
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.eastern side, of the black quartzites and slates in which crystals of andalnsite are abandayfl/ 
The rocks on the western side are higher in the section. At Loharwarri there is a black 
limestone, probably the same as that in the Motidongri ridge, and over it a considerable 
thickness of a rough blue quartzite, largely quarried for grindstones. Between the centre 
hill and the ridge arc some hillocks formed of the Kushalgarh limestone and breccia. 


The four ridges east of Malakheri, something in the shape of an inverted W, form 
a double anticlinal in which the Ajabgarh rocks are well represented. In the centre of the 
western anticlinal there is a large hill of the Alwar quartzites dipping under the Kushalgarh 
limestone and breccia on three sides, viz., north, east, and west, above which come the black 
slates with a band of talcose limestone near the base and covered by the Berla quartzite, 
of which the greater portion of the four ridges is formed. This quartzite requires notice, 
as it makes a splendid building stone and is largely quarried for that purpose ; it is pearly- 
grey in color and contains numerous specks of a black mineral, probably hornblende. 
In the eastern anticlinal a similar section is exposed, with the exception of the Alwar 
quartzites in the centre. I’he western limb of the double anticlinal extends in a northerly 
direction as far as Noganwa, where the Alwar quartzites of the Tigara ridge dip under it; 
and in a south-westerly direction, to some miles beyond the Deoti lake in a synclinal 
trough of the Alwar quartzites. 

The rocks of this group occur only in the Alwar territory, principally in the north- 
west corner of the State, on the left bank of the Sahi rivor at M&ndan 
The Mandwi primp. ;g aro d an d Tasing, and at Mandaor, thirty miles to the south-east of 
Alwar. The group consists of schists and slates, abounding in crystals of andalusite, stauro- 
tide, garnets and actinolite, and some thin bands of quartzite interbedded with them. 

There is some doubt as to the position of these rocks in the series, or even if they belong 
to the series at all. This doubt arises from their occurring in isolated ridges disconnected 
from any known rock of the series. Near Burod, however, there is a long hill formed of 
the Kushalgarh limestone and breccia, between two ridges of the schists, and separated from 
them by about half a mile of alluvium. 

Again, at Mandaor, the double ridge of Mand&n schists occurs between two ridges of 
Alwar quartzites, converging towards the south and both dipping towards the schists, 
apparently forming a synclinal in which the schists lie. Mineralogically there is little 
difference between the Mandan rocks and those of the kndwn Arvali series; the Ajabgavh 
slates containing andalusite, &c., in the hill east of Alwar, as well as the quartzites, are very 
similar to those of the Mandan group ; so that it seems probable that the Mandan rooks 
really belong to the series, and if so they form the highest group here represented. 


The lower part of the Alwar quartzites contains numerous bands of contemporaneous 
trap, some of them of considerable thickness and forming hills several 
Trap- hundred feet high. In some sections they are very numerous, while 

in others they are altogether absent. In the Byana bills there are at least six bands separated 
by bands of quartzite. At the southern part of the Alwar hills, for some miles round Tehla 
and north of llaialo, they are also very numerous. In the Tehla section there are at least 
ten separate bands. Again, in the Rimtumbour hills the quartzites include several bands of 
trap, one of which is upwards of 150 feet thick. In the northern part of the Alwar hills 
a comparatively thin band of trap is ooccpsionally met with, but generally it is altogether 
absent. In the large accumulations of quartzites in the hills west of Rajgarb, and also 
in the Lalsot hills, there is no trap in the section. * 
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' _ Many of these bands of trap can be tvaced for several miles; this is particularly the case, 
with those west and north-west of Raialo, and also in the Rimtumbpur hills ; but in other 
places, as near Tehla, they often die out very suddenly. Occurring on nearly the same geolo- 
gical horizon as these traps are some bands of hornblende rock, which are probably of meta- 
xnorphic origin. 

The position of the Arvali series in the scale of Indian formations is somewhat doubtful. 
Relations of Arvaliu to other I have already stated that it rests unconformably upon the 
formations. gneiss and the schists, and that outlying ridges and hills pro" 

bably belonging to the Vindhyan series rest upon it. The doubtful point then, is the 
relative position of the Gwalior and the Arvali series. 

The Gwalior series is most largely developed in the neighbourhood of Gwalior, where it 
rests unconformably upon the gneiss of Bundelkhand, and is covered, also unconformably, by 
the Yindhvans. The series there consists of a quartzite-sandstone at base, covered by 
many hundred feet of banded jasper, including several bands of limestone and contempora- 
neous trap. The rocks of tbe series are only slightly disturbed, seldom dipping at a higher 
angle than 5°, and are much less altered than the Arvali series in Rajputana. 

The only representative of the Gwalior series within our area is a long broken ridge of 
banded jasper rocks dipping at an angle of between 60° and 80° to north-west near Hindon. 
The ridge runs in a north-east to south-west direction parallel to, and at a varying distance of 
200 yards to two or three miles from, the north-west boundary of the main area of the 
Vindhyan series. The north-eastern extremity of this ridge extends to within three miles of 
the south-eastern end of the Byana hills formed of the Arvali series. 

The only rocks seen in contact with the banded jasper of the Gwalior ridge at Hindon 
are some hills of quartzite sandstone associated with some red and black slaty shales and 
irregular bands of limestone. The quartzite sandstone is in places highly altered ; but in 
others it shews scarcely any traces of alteration. It is nearly vertical, and the strike is 
roughly parallel to that of the banded jasper. All the junctions ars concealed by debris ; but 
the quartzite appears to rest upon different beds of the jasper rock ; thus at the northern end 
of the ridge the quartzites are on the southern side, but further south they cross the ridge and 
are on the north-west side of it. From the position of these hills of quartzite sandstone, 
and from their being generally less altered than the rocks of the Arvali series, it seems 
probable that they are outliers of the Vindhyan series. On the other hand, the black and red 
slaty shales and limestone are unknown in the lowest beds of the Vindhyans ; but somewhat 
similar beds occur in the quartzites of the Arvalis. 

The only other evidence bearing upon this point is the presence of some jasper pebbles 
in the conglomerate beds of the Arvali series ; but although these resemble the Gwalior 
jaspers, they are not sufficiently characteristic to determine the point. The question is one 
of much geological interest ; it would greatly complicate matters to have to make the Arvalis 
younger than the Gwaliors. 

The useful minerals found within our area are -copper pyrites, rutile, argentiferous 
Economic oology. galena, manganese nickel, iron. 


Several old copper workings exist, from which through a long series of years a con- 
siderable amount of ore has been extracted, but at the present time they are almost entirely 
abandoned. The natives say that some of the richest deposits of ore had to be abandoned in 
consequence o£ the influx of water. In other cases, the richest mines fell together, burying a 
number of miners, and have nut since been re-opened. 
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The following is a List of the localities in which copper ore has been worked or traced 
of it observed : — # 


Dari bo. 

In the ridge to the west. 
Indawas. 

Bhangarh. 

Tasing. 

Kushalgarh. 


Baghani. 

Pertabgarh. 

North of Nitahar. 

Near Oarh in the Lalsot hills. 
Lalsot. 

Nabaro. 


The most important of these is Daribo in the Alwar territory. The mine is situate on 
n sharp anticlinal bend, in a thin band of black slates intercalated in the Alwar quartzites. 
Formerly the workings consisted of some small pits on the hill-side. Dr. Impey, then 
Political Agent at Alwar, had a long adit level driven into the hill to drain these pits. The 
level runs in a southerly direction parallel to the strike of the rocks. I could see no trace of a 
lode ; the ore appears to be irregularly disseminated through the black slates, a few specks 
and stains only being seen in the quartzites. Where richer nests of ore were met with, the 
miners have extended their workings a short distance above or below the level. They state 
that a rich nest of ore occurs in a pit sunk below the level near its southern extremity, but 
that it had to be abandoned on account of the water. 


The copper occurs in the form of pyrites mixed with arsenical iron. Small quantities 
of carbonate of copper were observed in the mine, probably the result of the decomposition 
of the sulphuret. The mine is now ndarly abandoned, and but little ore is to be seen ; I 
had some difficulty in finding a piece the size of a hazel-nut. I found traces of copper in some 
black slates on the same geological horizon in the ridge a short distance west of Daribo. 

Near Indawas there is a long open cutting from 20 to 30 feet deep, from which copper 
ore has been extracted, but the workings are now filled with water. About a mile from these 
workings I found some miners engaged in sinking a small pit in the Kushalgarh 
limestone, from which they got a little ore. The Bhangarh workings consist of two or three 
small pits now fallen together. I found traces of copper in the Mand6n schists near Tasing. 

The workings at Kushalgarh, Baghani, and Pertabgarh have been abandoned for many 
years. The natives say that at the two latter places the workings were very extensive, and 
that the mines fell together suddenly, burying a large number of men. The workings near 
Nitahar, at Garh, Lalsot and Nabaro are very small, and have long since been abandoned. 

A few years ago a small deposit of silver-lead ore was discovered in the Kushalgarh 
limestone near Gudha, and a pit was sunk in it $ but after working for a short time it 
was found that the ore died out in every direction. The pit has now fallen together. 

Rutile (titanic acid) exists in small quantities in some little quartz veins in the Motidongri 
ridge a short distance south of Alwar. 

Iron ore occurs in large quantities at two places near the base of the Arvali series, 
one near Bhangarh and the other near Rajgarh. They supply 
iron and Manganese. the ore to a large number of furnaces in the State. Judging 

from the workings, an immense quantity of iron must have been produced from these 
mines. These excavations are several hundred yards long and, in places, 20 to 30 wide. They 
appear to be at an angle to the strike of the beds ; but the rocks are so disturbed, and the 
junctions covered by debris, that I was not able to determine the point. The following 
is an analysis of the ore from Bhangarh: A mixture of limonite and magnetite and 
oxide of manganese, containing 59*67 per cent, of iron, and 12*7 of manganese. Large 
quantities of a superior iron ore have been raised from the Gwalior rocks in the ridge 
near Hindun. 
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Nickel. 


When making inquiries for the mineral Saipurite (Jaipurifce), a mineral of cobaltfoundin, 
the Arvali series at the Ketree mines in Shekawattoe, I was shewn 
a bit of iron and the ore from which it had been produced. The 
iron was used for cannon balls which flew into a number of fragments when fired. The ore 
came from the Bhangarh mine. On analysis both the iron and the ore were found to contain 
nickel, in the latter, however, only a trace. I tried to find the ore in BitdJ but was not 
successful. I was shown the pit from which it had been taken, but it had fallen in. 

Building materials, some of a very superior quality, are abundant. Limestone capable 
of making good lime exists in all parts of the Alwar hills, as well 
Building materials. as j n K arau Ji and on the Banas river. 


The ordinary quartzite is a useful stone for rough buildings, walls, Ac. But the 
Berla quartzite makes an excellent building stone. It is pearly-grey in color, very durable, 
not difficult to work and, easily quarried. It is largely quarried at Berla, Daroli, Bbarkhol, 
&c. ; and quarries of it could be opened in any part of the four ridges east of Malakheri. 
A large part of the Rajah s private station at Alwar is built of this stone. 

Schistose quartzites used for roofing, flags, &c., are largely quarried near Rajgarb, 
Kirwari, Mandau, and north of Amber. I have seen slabs of this rock nearly 20 feet long and 
2 feet wide. The Mandan rock produces large, square, thin slabs. 

Finely laminated argillaceous flags, splitting easily along the laminae, are procured 
from some quarries at Salimpur at the end of the Alipur ridge neaT the Banganga river. 
Slabs of large size, and of any thickness down to half an inch, are quarried. The stone con- 
tains a good deal of iron pyrites, which discolors it when exposed to the weather. 

The Ajabgarh slates have been used for roofing most of the stations on the railway. It 
is not quarried, that I know of, within our area, but some of the hills in the Ajabgarh 
valley would, I think, produce equally good slates. 

A talcose limestone at the base of the black slates is used for ornamental purposes, 
such as carved door-posts, Ac. It is a soft stone and easily carved. 

The Raialo group produces fine marble. The Taj at Agra is, I believe, built of it. 
It is quarried at Raialo and Jheri ; and the natives there are still very clever in making 
jalee or perforated screens. Colored marbles can be had near Kho and Baldeogarh, and 
black marble from the Motidongri ridge. 

Good mill-stones are made from the blue quartzites of the Goleta ridge. 


Borings for Coal in India, by Theodore W. H. Hughes, f. g. s., Associate , Royal 
School of Mines . Geological Survey of India . 

The purpose of the present paper is to introduce a series of notices on borings for coal 
throughout India, which, it is hoped, will possess some interest and, possibly, be of practical 
utility to those whose duties are connected with this branch of mining engineering. The 
advantage of having in an accessible form, for purposes of comparison, statistics from 
different localities as to method of boring, progress of boring, cost of boring, Ac., will, I 
trust, be appreciated by those interested in this^ matter, and in time acknowledged by a 
greater readiness on the part of individuals and associations to supply information than lias 
as yet been evinced. Up to the present I am unable to quote beyond the experiences at the* 
Government borings. Such as they are, they are here offered as measures of comparison. 
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v 1,16 m0Bt carefully and most perseveringly explored within the Inst few years 

with the object of testing the occurrence of coal, its extent and its quality, have been those 
of the Wardha and God&vari valleys, and near or within the Satpdra range of hills. Nearly 
200 borings have been carried out. As a rule, few of them exceed 300 feet; but at 
Khappa, one, under the immediate charge of Mr. Stewart of the Public Works Department, 
has already attained a depth of 710 feet. 


The method of boring most generally practised is that of jumping the rods by the 

Method of boring. agency of a windlass that works a rope passing over a sheave 
fixed to a set of shear legs of sufficient height to allow of two 
lengths of rods to be unscrewed at once. In the Wardha valley, to which my own experience 
of boring operations is confined, a spring-pole or a lever was rarely employed ; the single 
jack-roller or winch doing the duty of raising the rods at each stroke, the sudden slackening 
of the rope on the drum allowing them to fall again. ° 

During the early stage of our explorations the attempt was made to secure the ad- 
vantages supposed to accrue from the employment of steam-power; and a Mather and 
Platts’ machine, under the charge of Mr. Mather’s son, was for some time put upon its trial. 
The essential principle of Mather and Platt’s system consists in the substitution of a 
flat rope for the iron rods employed in the ordinary methods, by which means a saving in 
time is effected in raising and lowering the cutting tools. In practice, however, it was found 
that for the shallow depths required for the holes in the Wardha valley, there was scarcely 
any appreciable saving in actual time of working. For deeper holes the steam borer would 
probably have answered, as then more scope would have been afforded for the display of 
those advantages which its system of working undoubtedly possesses. Shifting the 
machiue was in each instance a tedious business, owing to the unfinished condition of the 
roads, and the consequent difficulty of procuring suitable carriage, and more tirn# was lost 
at each removal than would have sufficed to put a shallow boring down by hand. 

The diameter of the holes varied from 5 to 3 inches. The larger of these dimensions 

Size of holes. was adopted at the outsot ’ in order that better illustrative samples 

‘ of the rocks passed through might be obtained than would have 
been procured from holes of the smaller size. When experience had familiarised the eye 
with the aspect of the debris characterising the respective horizons of productive and sterile 
measures, the diameter of the holes was* diminished and with considerable advantage in 
respect to rapidity of sinking. 


The usual form of cutting or chipping tool was the flat chisel or straight bit. It was 

Cutting tools. fou ! ,d . t0 be most £ (,nerall y useful, being applicable to almost all 

varieties of strata and being easily re-sharpened — a quality that 
cannot be too highly estimated in a country where considerations of petty repairs are of 
much moment. For penetrating extremely hard rock a V chisel was occasionally used. 
Against trap, however, it was of little more avail than the ordinary straight bit. For 
clearing the ribs or snags that resulted from imperfect manipulation, a -f or a T chisel was 
used, but the latter, is a precarious tool to trust in the hands of nat ive workmen, as it 
requires careful management. One of the most important exploratory borings* in the 
Wardha field was lost by the jamming of a chisel of this form. 


An objection sometimes urged against the claim of the straight bit to obvious superi- 
ority is the supposed necessity of employing a second chisel to round the hole. This need 
should not exist, if the chisel be conttnued upwards, for four or five inches, of the same 


Mingli. 
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breadth as the cutting edge. By adopting this plan of shaping, instead of allowing the 1 
smith to diminish the width of the tool throughout the length indicated, a smooth hole can 
be made at the same time that the chisel is advancing. For boring through stiff clays, an S 
chisel is a convenient form, as it penetrates less, if the drop be carelessly increased, than does 
the straight bit, and consequently is not so likely to stick. The auger is preferred by some. 


Respecting the question, which is the most efficient pattern of tool for a given kind of 
work, I have remarked that a good deal depends upon the predilection of the workmen, and 
that the best results are attained by adhering to the form of chisel they have been first 
accustomed to handle. For general usefulness, however, there is little doubt that the 
straight bit claims pre-eminence. For stiff days, I would recommend the Schisel, and for 
soft clays the auger. In moderately free sandstones and shales, the S chisel will do excellent 
work, and it may be used as a substitute for the straight bit. In the ordinary grits of the 
coal-measures it fails to make the same amount of way. 


Cleaning tools. 


To dean the hole, a pump or sludger provided with an ordinary flap- valve, or else a 
ball-valve, was employed. It possesses an advantage over the 
wimble and other revolving tools used for clearing, in that it may 
be lowered and raised by means of a rope, and the time occupied in connecting and discon- 
necting the rods is saved. The ball- valve is a very simple and convenient form of valve to 
adopt, as it does not get out of order, but the balance of general opinion is, I believe, in 
favor of the ordinary flap-valve. 


For most of the bore holes, only a few lengths of piping besides the guide tube were 
Piping required. When the fear of any clay swelling arose, it was found 

# * well to push operations on without cessation, and to work night, as 

well as day, shifts. This usually obviated the necessity for lining. The most intractable 
rock was running sandstone, and experience proved that when the difficulty of keeping a 
hole was due to this cause, it was an economy of time and labor to shift to a fresh position if 
piping were not available. 


The rate of progress varied according to the rocks to be bored through, trap being the 
Bate of ro ress most refractory and ordinary felspathic silicious sandstone the most 

easy to deal with. In. a scale of tractability they stand in the 
following order— a wide difference of degree separating trap and ironstone from the rest;— 


1. Trap. 4. Clay. 

2. Ironstone. 5. Coal. 

3. Vitreous quartzose sandstone. 6. Shale. 

„ 7. Ordinary sandstones. 

Below will be found in tabular form the speed at which some of the holes in the Wardha 
Valley were put down, and the cost of cooly-labor divided over each foot or yard. There 
were usually three shifts of workmen in the 24 hours when the holes were being continuously 
pushed forward. Each shift consisted of twelve coolies and two mates or brace-head men as 
a rule, but sometimes an additional couple were put on, if the hole was a troublesome one, 
making sixteen men in all. The pay of the coolies was 4 annas a day, the pay of the mates 5 

annas. An overseer on Rs. 25 to 35 a month looked after one and sometimes two bore holes. 

• 

The returns that I quote are tkdfce furnished to me by Mr. Ness and by Mr. Smyth. 
Each has adopted a form which I publish as received. 



Statement of cost of bore holes at War ora for each 10 yards in depth.— War dha Valley Coal-field. 



W. NESS, 

Mining Engineer. 
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y In the statement of expenses made by Mr. Ness there is a regular augmentatipn 
uNthe price of labor for every additional ten yards, equal to the cost of the first ten. 
Mr. Smyth has entered more into details, and thus rendered his returns more useful and 
more interesting. There is no regular rate of increase in the charges. 

The deepest hole (that of Pisgaon No. 9) 338 feet in depth, occupied only 43 days, and 
was put down at an average speed of 20 feet a day for the first 100 feet, 8 feet 4 
inches a day for the second 100 feet, 5 feet a day for the third 100 feet, and 5 feet 
6 inches for the portion of the fourth 100 feet. This is a rate of progress which, I think, 
must be admitted to be satisfactory. The rocks are principally sandstone, but there are 
some bands of clay, and these reduced the averages of speed considerably. The following 
is the section of the strata passed through : — 



Pisgaon - 

- No . 9, Wtftf District. 



Ft. 

In. 

1. Surface soil ~ 

... ••• 

tM 

• •• 

5 

0 

2. Sandstone, yellow 

... ... 

... 

Ml 

12 

0 

3. Ditto, 
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... ... 

• ft • 
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1 

0 

4. Ditto, 

yellow ... 

... ... 

•M 
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15 

0 

5. Ditto, 
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... ... 


999 

6 

0 

6. Ditto, 

reddish-yellow 

... ... 

•ft. 
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10 

0 

7. Ditto, 
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ft ftft 

9 

0 

8. Ditto, 
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—ft 

17 

0 
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2 

0 
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3 

0 

11. Ditto, 
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—ft 

14 

0 

12. Ditto, 
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Ml 

1 

0 

13. Ditto, 
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... **■ 

ft.. 

• •ft 

6 

0 

14. Ditto, 
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2 

0 

15. Ditto, 
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... 
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—ft 

2 

0 

16. Clay , red 
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... H* 
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7 

0 
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10 

0 
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IM 
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0 

19. Ditto, 
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4 

0 
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4 

0 
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•v* lit 
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7 

0 
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7 

0 
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3 

0 
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34 

0 
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0 
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9 

0 
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0 
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0 
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O' 
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0 
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40 

o- 

32. Clay 

«M 

•" 
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2 

0 
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M 
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3 

0 
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... ••• 

• 
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mm 

20 

0 
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Note ok the Geologt of India, by De. W. Waagen, formerly Paleontologist to* 

the Geological Survey qf India . / 

(Translated from the “ Zeitschrift der Deutschen Geologischen Gesellschaft ” 
Vol. XXVIII, p. 644, 1876.)* 

The work which I do myself the honor of presenting to you is only in its later parts of 
very recent date. The first fasciculus has been already more than two years published. I 
have, however, noticed the general results only in a concluding chapter ; and it is those 
especially which can be of general interest. 

First, to rectify some errors which occurred owing to my illness and the consequent 
impossibility of my personal supervision of the preparation of the plates, I must mention 
that the last plate is altogether a failure, only the figure of Crioceras australe being recog- 
nisable. Instead of Amm. Deshay esi there is figured the fragment of a Planulata from the 
Macrocephalus-beds, under the title of u Amm. Martini;'* and the true Martini is ex- 
hibited as “ Amm. Deshay esi” but delineated so that the figure is quite useless for the 
recognition of the species.f Other errors, such as the misnumbering of one plate, are easily 
detected and are therefore of less consequence. 

The most striking result of the study of the Cutch ammonites is that the species 
identical with those of Europe are here also distributed strictly in the same horizons as have 
been distinguished there. This discovery is, indeed, due less to me than to the late Dr. 
Stoliczka, who, although fully convinced before his visit to Cutch that it is impossible to 
identify the European horizons in India, could not escape making the stratigrapliical groups I 
have adopted in this work, and which do conform to the arrangement of the European zones. 

It is also a very noteworthy fact, that among the ammonites the Macrocephala have a 
very different distribution* in India from what they have in Europe; for they still occur 
numerously in a zone corresponding to that of the Pelt . transversarium in Europe. The 
species are, no doubt, clearly distinct from those of Europe ; still they belong to the Macroce- 
phala. 

I have only noticed these two facts cursorily. I wish to speak more fully of the dis- 
tribution of the jurassic strata in India, for upon this particularly depends to a certain ex- 
tent the apprehension of Indian geology. It has been long known that the peculiar rela- 
tion of Indian strata is that, while nearly the entire mesozoic formations are represented in 
the peninsula itself by thick sandstone deposits (Rajmahal, Mahadeva, Jubbulpur, &c.) with 
plant-impressions and some vertebrate remains, on passing to the North-West Himalaya 
one finds numerous marine fossils, which give certainty in the discrimination of the formations. 
On this account, according to B1 an ford’s example, a Himalayan and a Peninsular type have 
been distinguished, and the areas compared with the alpine and extra-alpine formations of 
Europe. Only the Punjab does not seem to fit in this place, for there we find exclusively 
marine fossils, although one can scarcely place the neighbourhood of the Indus delta with 
the Himalaya. As a fact, however, this is the key to the solution of the whole problem. 


* This communication was made by Dr. Waagen on the oooasion of presenting his work in the Palsontologia 
Indies to the German Geological Society. JJeeides its direotf bearing upon the geology of India, the paper is in 
many ways so illustrative, that it is worth while to reproduce it here.— H. B. M. 

t A new plate is in hand, which will be sent to replace the defective one,— H. B. 111. 
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v In passing eastwards from the marine strata in Cutch and R&jputana, one conies ,at 
oxjT ue upon the crystalline range of the Aravalis, to the south-east of which we only find the 
barren sandstones of the peninsular area. The Aravali range was never crossed by the sea 
(till the cretaceous period), and we have in the formations of the Peninsular type deposits 
from inland waters, which are manifold in their arrangement and therefore difficult to 
affiliate individually. They must, however, altogether belong to the Trias-jura period. 


If we follow the crystalline rocks of the Aravali northwards, they become lost under the 
alluvial, nummulitic, or younger tertiary formations ; but we behold to our astonishment 
that in the Himalaya, in the neighbourhood of Simla, the first crystalline ridge performs the 
same function as the Aravalis in the south, — namely, the separation of the fossiliferoua 
marine clays and limestones from the thinly fossiliferous sandstone deposits. Poor Medlicott 
was wrongfully so much decried for his description of the neighbourhood of Simla. It is 
only natural that his Krol and Blini groups, if indeed they are not nummulitic, should not 
be found north of the first crystalline ridge ; one must rather look for their equivalents in 
the south in Central India.* 


The first crystalline range does not, however, remain the dividing line throughout the 
entire length of the Himalaya ; for to the south-east in Sikkim the marine strata are already 
entirely cut out, and only one locality is known containing fossil plants. The sedimentary 
rocks are, moreover, here in great part converted into crystalline schists. The dividing line 
must cross to the north somewhere in Nepal and so extend into Tibet. 

Thus is India traversed by an ancient coast-line which began with the Aravalis, probably 
reached the Himalaya west of Simla, then followed for a stretch the first crystalline axis 
and turned northwards in Nepal cutting obliquely across the whole Himalayan range. 
It seems, therefore, that the peninsula belonged to a great continent which probably included 
China, the Himalayan peninsula, the Archipelago and Australia, perhaps even a part of 
Oceania. The configuration was constant, with slight alterations, during the Trias-jura; 
great depressions set in with the chalk, which determined a great encroachment of these 
deposits, but already in mesozoic times India formed a peninsula as today, as is shown by the 
presence of triassic rocks in Burma, and marine jurassics north of Madras, which indicate 
a bay like that of Bengal. 

The sea surrounding this peninsula was no doubt connected on the north with the 
European seas, — for how else could these seas have so many species in common ? On the 
south it stretched away to east and west, as testified by the jurassic beds of South Africa 
and Australia, allied to those of India. 

Especially remarkable is it that the Himalayan jura, although so near, is almost less 
like the Cutch jura than is the jura of West Australia ; it is more like the Russian jura. 
Thus it would follow that the jura of Europe, Cutch and Australia, although in different 
provinces, forms in a manner a whole that one may at least designate as a homozoic girdle, 
while the jura of Spiti must indicate a similar girdle, to which that of Russia and Siberia 
must be affiliated. 


* We were not aware of the criticisms referred to ; bnt it would have been more to the point if Dr. Waagen had 
informed his hearers that several years later Dr. Stoliczka, the only competent observer who has visited both 
grounds, did Identify conjecturally the Krol and Blini beds with the Triassic and Silurian beds of Tibet (see 
Memoirs Geol. Surv. Ind., Vol. V, p. ldl). The conjecture still stands for what it may be worth. Dr. Waagen 
never set foot on Himalayan ground proper, i. east of the Jhelum.— H. B. M. 
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• Finally, I may mention that a part of tbo original specimens for the wort before ay 
eeem to have been mislaid or lost dnring the transfer to the new mnaeum building, as I 6m 
informed from Calcutta that several of the originals are not to be found-* 

Noth.— This key to the geology of India is one of the oldest on ear bunch, Bat somehow the author of the 
paper must have taken a wrong impression of it, for his copy stioks in the lock. At least it seems curious how the 
recognition of the trans-Arvsli rooks as belonging to the Himalayan region, should lead directly t» the conclusion 
that the jurassics of Western India are more related to those of the antipodes than to those of the Himalayas. 
There must have been some difficult navigation round that ancient mesozoic coast-line, the course of which we 
here find traced with such aocuracy, even into regions whose geology is absolutely unknown. 

To any one who has attempted to understand the meaning of the correlation of widely separated deposits, even 
from copious fossil evidenoe, the assurance with which such conclusions aB these are put forward will suggest want 
of confidence. If to the intrinsic uncertainties it be added that tbe data in this case are not abundant and have 
been only partially worked out, that collateral stratigraphical conditions are ignored, assumed, or misstated, the 
impression of doubt will become one of despair. The paper is one of a kind that is now only too common. The 
production of them is no doubt encouraged by the principle of mutual laudation which iB the evil spirit of scienti- 
fic societies. A curious collection, illustrative of this class of literature, might be made under the title. Oracular 
Paleontology. It must be a survival (largely Teutonic) of the barbaric instinct to deal in mysteries. The saying 
Arago applied to the geologists of his day may now be more fittingly addressed to their colleagues—'* Je ne confois* 
pas comment deux pores paltontologues peuvent se regarder Bans rire.** 

H. Bt M. 


DONATIONS TO THE MUSEUM. 

(January to March 1877.) 

Fossils from six localities of the Gondw&na and intertrappean rocks 

near Warora ... ... ... ... Walter Ness, Esq. 

A large slab of coal-shale with plant-fossils from Kurhurbari ; and 

rock specimens from the boulder-bed in the Tdlchirs ... Irwine J. Whitty, Esq- 

Magnetite and specular iron crystals from Hen jam Island, Persian 

Golf ... ... ... ... Captain A. Stifle. 

Sulphur, from the neighbourhood of Sibi in Kandahar territory, east 

of Dadur _ ... ... ... ~ W. C. Furnivall, Esq. 


ADDITIONS TO THE LIBRARY 


From 1st January to 31st March 1877. 


Titles qf Boohs. Donors* 

Beveridge, H.— The District of Bakargunj, itsr history and statistics (1876), 8vo., London. 
Catron, H .—Reports and official letters to the Kaitakushi (1876)* 8vo., Tokei. 

Sir Harry Parses, Yedo. 

Dumas, E.— Statistique Gdologique, Mindralogique, M^tallurgique, et Paldontologique du 
Gard, Parts 1 and 2 (1876-76), 8vo., Paris. 

Eastern Persia, 1870-72, Vol. I, Geography with narrative, by Sir F. J. Goldsmid, and 
Vol. II, Zoology and Geology, by W. T. Blanford (1876), 8vo., 
London. 


India Office. 


T 


* Even one of the originals is now is its place in the uew museum.— H. B. M. 
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\ Titles of Books . Donors . , 

Encyclopaedia Britannica, Vol. V, 9th Edition (1876), 4to., Edinburgh. 

Gaudby, A. — Sur la ddconverte de Batraciens dans le terrain primaire (1875), 8vo., Meulau. 

Heeb, Db. 0. — Flora fossilis helveti®. Die Yorweltliche Flora der Schweiz, Lief I (1876). 
4to., Zurich. 

Heeb, Pbop. — The Primaeval World of Switzerland, Vols. I and II (1876), 8vo., London. 

Just, Db. Leopold. — Botanischer Jahresberioht, Jahrgang (1873-74), 8vo., Berlin. 

Kbopotkin, P. — Orography of Eastern China (1875), 8vo., St. Petersburg. 

Luynes le duc de.— Voyage d’Exploration h la Mer Morte, a Petra et sur la Rive Gauche 
du Jourdain, Vol. Ill (1876), 4to., Paris. 

Mabcou, Jules. — Explication d’une seconde Edition de la carte G6ologique de la Terre (1875), 
4to., Ziirich. 

Schimpeb, W. — Handbuch der Palroontologie, Band 1, Lief I (1876), 8vo. # Miinchen. 

Tate, R., and Blake, J. F. — The Yorkshire Lias (1876), 8vo., London. 

Winkles, T. C.— Deuxifcme Md moire sur des dents de poissons fossiles du terrain bruxellien 
(1874), 8 vo., Haarlem. 

„ fitude sur le Genre Mystriosaurus (1876), 8vo., Haarlem. 

„ Le Pterodactylus Kochi du Mus6e Teyler (1874), 8vo., Haarlem. 

,, M5moire sur quelques restes de poissons du systeme heersien (1874), 8vo., 

Haarlem. 

„ Musee Teyler. Catalogue Syst^matique de la collection Paleontologique, 

Supplement II (1876), 8vo., Haarlem. 


PERIODICALS, SERIALS, &c. 


American Journal of Science and Arts, 3rd Series, Vol. XII, No. 72 — XIII, Nos. 73 and 74 
(1876-77), 8vo., New Haven. 


The Editoes. 


Annales des Mines, 7th Series, Vol. IX, livr. 3 (1876), 8vo., Paris. 

L* Adkins. des Mines. 

Annales des Sciences Naturelles, Series I, Vols. I (1824) — XXX (1833) ; Series II, Vols. I 
(1834)— XX (1843) ; Series III, Vols. I (1844)— XX (1853) ; Series 
IV, Vols. I (1854)— XX (1863) ; and Series V, Vols. I (1864)— 
XX (1874), with 9 Vols. of Plates and Atlas, 8vo., Paris. 

Annals and Magazine of Natural History, 4th Series, Vols. XVIII, No. 108 — XIX, 
Nos. 109-110 (1876-77), 8vo., London. 

Archiv fur Naturgeschichte, Vol. XXXI, heft 5 (1865), and XLII, heft 3 (1865 and 1876), 
8vo., Berlin. 
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(1876-77), 8vo., London. 
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London, Edinburgh and Dublin Philosophical Magazine and Journal of Science, 5th Series, 
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XXVI, Nos. 1—5 (1875-76), 4to. Dublin. 
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The Academy. 

Neuchatrl. — Bulletin de la Socidte des Sciences Naturelles de Neuchatel, Vol. X, Part 3 
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Rome. 
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(1877), 4to., Borne. 

The Academy. 
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The Canadian Institute. 
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The Institute. 

Wurzburg. — Wiirzburger Naturwissenschaftliche Zeitschrift, Band I (1860) — VI (1866), 
8 vo., Wiirzburg. 


April 12th, 1877. 






RECORDS 


OF THB 

GEOLOGICAL SURVEY OF INDIA. 


Part 1.] 1877. [February. 


Annual Repoet of the Geological Survey of India and of the Geological 
Museum, Calcutta, foe the yeae 1876. 

Oondwana formation .— The past year has certainly been one of special advance in 
our knowledge of Indian formations ; we have at last successfully grappled with our 
great plant-bearing series of rocks, now known as the Gondwana system— the only extensive 
fossiliferous formation of peninsular India. This advance is, of course, due to palaeontological 
aid. The splendid work on the cretaceous fauna of Southern India, produced by Dr. Stoliczka 
in the Palneontologia Indica, after several years’ labour, will no doubt, for a long time to 
come, be a standard of reference in the examination of rocks of that age, besides its in- 
dependent merits as a study of a great branch of natural history. The same may be 
said of the work on the Jurassic Cephalopoda of Kach by Dr. Waagen, noticed in the last 
annual report. Yet it is not too much to say that the results of a few months’ study 
by Dr. Feistmantel have been of more immediate service to the Survey. 

The explanation of this is simple. Roth the treatises referred to deal with rocks that 
only occur in patches on the outskirts of the peninsula, whereas the Gondwana deposits 
occupy large areas ; and, on account of their economic importance, they have been from 
the beginning the chief object of our investigations. It would seem as if there were here 
a case of misdirected labour ; but it must be recollected that, on the whole, marine creatures 
form an immense proportion of fossil remains; and, as a consequence, comparatively 
few palaeontologists are capable of dealing with a fossil flora. I am happy to say we are 
now well provided in this way. 

As an illustration of these results, I may mention the case of a large spread of rocks 
marked down by Mr. Hughes in the Pranhita valley. Two localities of this area have 
for many years been fam ous a s having yielded remarkable vertebrate fossils, from which 
and from the generaLfgHfMRlhe deposits, it had been considered that these beds were 
on the horizon of the Panchets, in the lower Gondwana series of Bengal. This year a few 
poor plant-fossils were found with the bone beds of Kota and Maleri. From these, and 
in their order of superposition, Dr. Feistmantel at once detected representatives of two 
groups of upper Gondwana deposits, the Jabalpur and Rajmahal, established by him from the 
study of the floras of the^pical areas. 

This case . affords also an example of independant verification, which is always such a 
welcome encouragement, as a confirmation, of the soundness of our methods. Where the 
Gondwana rocks tail down towards the sea, on the border of the Godavari delta, they 
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become associated with marine beds. Mr. King has been for some time working in this 
region, and has established three well-marked groups in upper Gondwana rocks,— a bottom 
one, with a well characterized Rajmahal flora, and two upper ones, with distinctive marine 
fossils. From a cursory inspection of these latter specimens, Dr. Stoliczka had recognized 
the upper group as corresponding with his Umia group, at the top of the jurassio series of 
Kach, with the flora of which group Dr. Feistmantel has identified that of the Jabalpur 
group of the Narbada and Soue regions. During the past season, Mr. King was directed 
to make a traverse up the Godavari, to bring his work into connection with Mr. Hughes' 
ground on the Wardha and Pranhita. He has satisfactorily recognised in the Kota-Maleri 
area representatives of his three upper Gondwana zones of the Lower Godavari. 

While thus the internal economy of the Gondwana system is being regulated in a 
most satisfactory manner, I fear that its foreign relations are being somewhat mismanaged. 
They are now quite a burning question amongst us. Palaeontologists come from their 
cabinets in Europe with the fixed idea that the “ laws '* they have seen to work so neatly 
as between Bohemia and Bavaria, or from Durham to Dorsetshire, will apply equally well 
between India and Australia, or Europe ; and the eager aim of their labours seems to be to 
tally off our Indian rock-groups as the representatives, or equivalents, of certain fossiliferous 
scries of Europe or elsewhere. From the beginning, this palaeontological fallacy has been a 
chief obstruction to our knowledge. When first the Gondwana fossils were taken up, pure 
geology being in the ascendant, the fact that certain plant-forms of the lower Gondwana rocks 
were somehow associated with beds having a carboniferous marine fauna in Australia, was 
made the basis of a special-pleading to show that the Damudas, their flora, and their coal wore 
palaeozoic. The materials have now come into the hands of a pure palaeontologist. He 
has shown, I believe conclusively, that the Gondwana flora is wholly mesozoic, nailing its 
several phases to certain representative zones in Europe. But it so happens that on the 
confines of India, east and west, the upper Gondwana groups are associated with beds 
having a marine fauna, according to which these said groups have already been attached 
by paleontological experts to other standard groups in Europe. It is true that the study 
of this fauna was only partial ; but the experts were very accomplished in their line, and 
their judgment was quite unprejudiced, so that it must carry great weight. Here then, 
again, is an opening for the procrustean method of research ; and there are symptoms that it 
is to be duly applied ; this time, to make the fauna conform to the flora. The expression 
‘ paleontological contradiction,' which has been applied to this fact of association, exhibits 
the predicament in a very naive manner. The con tradiction is certainly there, but only as a 
rebuke for those who can look upon it in that light. No theologian could be more impious 
in reducing the mysteries of existence to the compass of his narrow thoughts, than are often 
scientific specialists in imposing crude conceptions upon the proceedings of nature. Yet 
these ought to know better — that truth is discovered, not invented. 

The treatment the facts of our Gondwana system have thus received in the name 
of homotaxis is quite opposed to scientific principles. It is fiction to assume that 
palaeozoic and mesozoic faunas have not co-existed upon the earth. The very word homotaxis 
was introduced to meet facts of this order. Yet, when some approach to it is met with in 
the rocks, a lively dispute is set up as to which fauna is out of place! The dispute 
becomes doubly awkward when waged over a terrestrial flora versus a marine fauna. A 
compromise that the marine fauna should take precedence would be a miserable confession 
of weakness, and quite out of place in a rational investigation. It would only tend to 
crystallize that false notion of misplacement ; to frustrate, in fact, that fruitful conception of 
a purely biological homotaxis which should be as a pole-star to the paleontologist. The 
vicious practices of giving different specific names to fossils for no other reason than that 
they occur on different stratigraphical horizons, even at distant localities, and of trimming 
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species to suit a fancied age, are the offspring of these false assumptions. Such a practice 
must utterly confound the attempt to work-out the natural history of organic evolution. 

The facts of our Gondwana rocks are certainly puzzling to systematists : on the west, 
in Kach (Cutch) we have the flora of the top Gondwana group, which has a Bathonian 
facies, associated with marine fossils of Tithonian affinities; while on the south-east, in 
Trichinopoli, beds with a flora (so far as known) like that of the Rajmahal group, which 
is taken to be liassic, have been described by Mr. H. F. Blanford* as overlaid, in very 
close relation, by the Ootatoor group, the fauna of which' has been declared, upon very 
full evidence, to have a Cenomanien facies. 

These questions of homotaxis concern the whole body of naturalists as much as they 
do us ; and I hope some guiding spirits amongst them will keep a watch on our proceedings. 
Happily these foreign relations do not interfere with the local regulation of our rock-systems. 
The terrestrial fauna and flora of the Gondwanas is developing into a compact unity of 
its own, and its relations to contiguous marine fossil faunas is normal, so far as this word 
can be legitimately used. 

Omitting the original account of the Narbada or Satpura field, in which the succession 
of the rocks was altogether misunderstood, the Survey has hitherto been engaged almost 
entirely upon outliers of the Gondwana system, where the series is more or less broken. 
This order has been imposed upon us by geographical and economical conditions. The 
great central areas of South Riwah and the Satpuras have still to be worked in detail. 
The latter seems to present a vory full scries in unbroken succession. It is here that we 
may expect ultimately to establish a better knowledge of this important formation. 

The work of Messrs. King and Hughes on these rocks has been noticed above. 
Mr. Foote was also engaged on the same formations, in examining the chain of outliers 
of upper Gondwana deposits along the coast of the Carnatic. He sent in a fine series of 
fossils from these beds at Vamavaram. 

It had been arranged that Mr, Ball should make an exploration of the large area of 
unknown country between the Mahanadi and the Godavari; but he was detained to 
investigate the re-discovery of the Talchir coal-field by the Civil Officers of Oriss%, In 
connection with this duty, he was able to complete the mapping of the Raigarh and Jfflfeir 
coal-basin, which is on the south-east extension of the great Gondwana area of South 
Riwah and Sirguja. A narrow strip of Talchir beds stretches from that basin to within 
two miles of the Talchir field. He also examined the sedimentary basin west of Cuttack, 
on the margin of the Mahanadi delta, and prooured some plant-fossils from the Atgarh 
sandstone, which Dr. Feistmantel recognises as of the Rajmalial flora. 


Tertiary formations . — An important gap in our knowledge of the Sub-Himalayan ter- 
tiaries has been filled up by the past season’s field-work. MM. Medlicott, Theobald and 
Lydekker made an outline-survey of the broad band of tertiary deposits flanking the Pir 
Panjal, in the Jamu territory, thus connecting previous work in the Cis-Ravi and 
Trans-Jhelam regions. The discrepancy that existed in the sections of these two regions 
has been, in a manner, interpreted — by the greater, and thereby earlier, elevation in 
the direction of the Central Himalaya, whereby the apparently unbroken succession of 
deposits, from the nummulitic to the upper Siwaiiks, as exhibited on the Jhelam, becomes 
gradually separated into bands that are least locally unconformable. The extreme effect 
of this is exhibited in the oldest beds : the inner belt of nummulitic and associated deposits 
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is. in great force all through the Jamd hills; at the Ravi it becomes contracted ; at the 
Sutlej it is upraised on a base of the older formations of the higher mountains ; before 
reaching the Jamna, it has been completely and permanently removed by denudation. 
East of the Jamna there only remain the outer zones, composed of Siwalik rocks. 

The complete change of strike that occurs so abruptly along the valley of the Jhelam 
has been shown to be quite a continuous feature, not connected with any marked difference 
in the age of the contrasting systems of disturbance. 

Our chief disappointment in this ground was not being able to determine satisfactorily 
the age of the great inliers of old limestone that in several places obtrudes through the 
inner zone of tertiary rocks in Jamu. From some obscure indications of fossils, they 
have been coloured on the sketch-map as carboniferous ; but this is quite an open question. 
The triassic age of the fringe of limestone along the base of the Pir Panjal is also more or 
less conjectural. 

This trip afforded an opportunity of testing the speculations published in our Records 
for 1874 by Mr. Theobald, on ancient glaciers in the Eangra district. The conclusion was come 
to that the so-called moraines are only the remains of a diluvial deposit that had once 
deeply covered the valley.* At the same time it is difficult to account for the characters 
of thiB deposit without the supposition of active glacial conditions on the Dhaoladhar 
range. The coincidence is not to be lost sight of that these high-level gravels along the 
Himalayan border, locally with glacial characters, are, according to physical methods of 
computation, of an early pleistocene age, more or less corresponding to that of the glacial 
period of Europe. 

In connection with the tertiary rocks we can also claim for the past year a special advance 
in our knowledge, and again through paleontological aid. Since the labours of Cautley and 
Falconer, the fossil vertebrates have been the subject of most wide-spread interest in Indian 
geology. We have at last been able to make a beginning in carrying on that line of research. 
I trust that Mr. Lydekker's papers in our publications for 1876 will fully support this 
promise. A general result, so far, seems to be that the Siwalik fauna is of pliocene rather than 
o^piocene affinities; but we have still made very little way in marking stages in this great 
tertiary fauna. This difficulty is, of course, one of iield-geology, and it is very great. There is 
am enormous succession of conformable deposits, with much uniformity of character through- 
out, and fossils are very rare except in one broad zone having an upper middle position in the 
nines. The whole formation, moreover, has undergone extreme disturbance. 

The conjectured identification of the topmost Siwalik beds with the ossiferous deposits 
of the Narbada valley is one of great interest, on account of the discovery in these of a 
well-formed stone implement, as described in the Records for 1873. 

In the far east, in upper Assam, Mr. Mallet completed his survey of the coal-fields of 
the Naga hills. For the extent and quality of the coal this is certainly the most important of 
our Indian coal-fields, and yet it is entirely of tertiary age, possibly even middle tertiary. 
On account of the total change in the character of the associated rocks, the relation of these 
measures to the nummulitic coal of the Kbasia hills could not he established without a con- 
tinuous survey of the intervening ground ; but the intimate connection of the Assam measures 
with overlying deposits of Siwalik*type, suggests 'that they may be on a higher horizon. 


* Records, Vol. IX, page 66, 1876. 
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On the south-west extension of the Sub-Himalayan series Mr. Blanford, assisted 
by* Mr. Fedden, Accomplished a good season's work on the tertiary deposits in Six^. A 
preliminary sketch of these formations, from the previous season’s field-work, was published 
by Mr. Blanford in the Records for 1876 (p. 8). The most important addition made to the 
geology of Sind since the* date of that report consists in the discovery of cretaceons rocks 
(a Hippurite limestone) at the base of a group of beds underlying the Ranikot or infra- 
nummulitic group. Several very important facts concerning this group have also been ascer- 
tained ; its upper limits and the division between it and the overlying Kirthar group have 
been better defined, and very large additions have been made to the fossils obtained from it. 

Mr. Fedden during the recess season in Calcutta has made a very useful preliminary classifica- 
tion of these collections in the Museum. It has further been definitely ascertained that the 
basalt of Ranikot is interstratified with the sandstones and shales of the Ranikot group ; 
and a bed of basaltic rock, apparently the same, has been traced at intervals to Jakhmari, 
a distance of over 20 miles. This basalt is on the horizon assigned for the Deccan trap. 

Older rocks .— Early in 1876 Mr. Blanford made an important trip across the desert 
east of the Indus, through Umarkot and Balmir to Jodhpur, and back through Jesaliuir to 
Rohri. We have thus gained most interesting information regarding a great area of 
western Rajpootana that has hitherto been almost unknown. The journey did not quite 
extend to the gneissic and slate rocks forming the centre of the Arvali region. The 
oldest formation observed on the inner zone consisted of peculiar porphyroid rocks ; a prevail- 
ing type being a dark compact silicious felsite with disseminated felspar crystals and quartz, 
associated with syenitic and granitoid varieties. They are locally much disturbed. Mr. 
Blanford supposes these Malani beds to be altered volcanic rocks.* He does not liken them 
to any he has seen elsewhere in India ; but it may be worth recalling that peculiar felsitic 
beds have been described in the Kadapah and Gwalior formations, and even in the Lower 
Vindhyans of the Sone valley. 

Upon these rocks, in the neighbourhood of Jodhpur, there rest quite unaltered and very _ 
little disturbed a considerable thickness of rusty sandstones, at the base of which Mr. BlaneSwj 
ford doubtfully places a very peculiar contiguous deposit of fine shales with large boulders, * 
which suggest the action of ice, the supporting rock having, moreover, exhibited i one 
place a smoothed and scored surface. A Vindhyan horizon is suggested for these depfita, 
and the specimens are certainly most of that type ; otherwise one might risk the conjecture 
that they may be lower Gondwanas, and that the boulder-bed represents that of the Takhirs. 

The relation of the Jodhpur sandstones to the next formation on the west has not been 
defined, the two not having been observed in proximity ; but the unconformity must be total, 
as the succeeding deposits, within a small distance, also rest upon the Malani felsitic Berks. 
They consist of brown and white sandstones in which silicified wood and other plant 
remains are frequent. The fossils of these Balmir beds are not identifiable, but the rocks 
have a strong Gondwana aspect, and may safely be reckoned as Buch, being closely related 
to the overlying marine jurassic rocks of Jesalmir, consisting of alternating sandstones and 
limestones. 

The marine jurassics of Jesalmir are transgressively overlaid on the west by a nummu- 
litic limestone, identical with that of the Kirthar group, as seen at Rohri on the Indus. Ail 
the infra-nummulitic and cretaceous beds of the trans-Indus section are thus totally over- 


* I notice a contemporaneous description of very similar rocks of paleozoic age in Australia as altered volcanic 
products. See Mr. Brough Smith’s Report of Progress of the Geological Survey of Victoria, No. Ill, p. 199, 1876. 
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lapped. For a full account of these important observations I may refer to Mr. Blanford’s 
papej in the current number of the Records. 

The observations just noted have supplied a knowledge of the western margin of a well- 
defined but little explored geological region— that of which the Arvali hills (or mountains) 
form the best-known geographical feature, stretching to the south-south-west into Guzerat, 
and passing on the north north-east under the Indo-Gangetic plains, about their water-shed, 
and touching the Jamna at Delhi. The eastern limits of the region are very well marked 
by the scarp at the Yindhyans, stretching from near Agra to Chittorgarh and Neemuch, and 
thence by the scarp of the Malwa plateau formed of the Decoan trap. The Arvali region is 
believed to be formed entirely of gneissic and transition rocks, the remains of an exceedingly 
ancient mountain system, or area of special disturbance ; even the Yindhyan formation exhi- 
bits little disturbance within its confines. For some seasons past Mr. Hacket has been 
engaged upon these rocks in the north. Last year he carried his lines as far as Jaipur. 
The isolated condition of the outcrops, in detached ridges and hills separated by wide 
plains of sand or of alluviun, makes it very difficult to discover the normal order of succes- 
sion of the several groups of rocks, all being without a trace of fossil remains. Our difficulty 
here at present is the occurrence, within a moderately large area, of several strong rock-groups, 
having much mutual resemblance, and each independently in natural contact with a funda- 
mental gneiss. 

Mr. Willson was also engaged upon the older rocks, having completed the mapping of 
the Bijawar formation in Bundelkund, with a large adjoining area of overlying lower and 
upper Vindhyans, and of the underlying gneiss. 

Mr. Wynne did not return from furlough till the end of the field season. He has since 
done important work in the Museum in arranging the Kach and Salt Range collections. 

For the first time since the institution of the Survey the annual report has to record the 
retirgment upon pension of any of the staff. Dr. Oldham resigned the post of Superin- 
teipfmt in April, after a tenure of 25 years. The work done up to date will form a permanent 
record of the value of his services. Mr. Tween retired in September, after a service of 15 
years, for the greater part of which time he had zealously performed the duties of Chemist to 
the Survey. In both cases, failing health made the step unavoidable. The loss we have thus 
sustained is the more felt, since it is determined that, for the present at least, the number 
of our staff cannot be restored to its full strength. 

Publications . — Of the Memoies of the Geological Survey of India, Volume XII 
was issued during the past year. Part 1 is the result of several seasons’ work by Mr. 
R. Bruce Foote, and includes a very large area in the South Mahratta Country, where 
several basins of our azoic formations occur between the great spread of the Deccan trap 
on the north and the gneiss forming the whole middle area of the peninsula to the 
south. The small skeleton-map attaohed to the Memoir does very poor justice to the accuracy 
and detail of Mr. Foote’s work, the whole of which is ready for publication on the Indian 
Atlas sheets, as soon as a plan can be matured for the regular issue of our work in that 
form. Part 2 is Mr. Mallet’s report on the coal-fields of Upper Assam. It will be a very 
useful guide in the practical exploration of that field. 

Volume XIII was fully passed for press before the close of the year. Part 1, containing 
Mr. Hughes’ memoir and mapB of the Wardha valley coal-fields, will be issued before the 
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date of this report. Part 2 is Mr. Ball’s memoir on the Rajmahal Hills, with numerous 
maps and illustrations, the preparation of which has caused some delay. 

1 am happy to be able to announce that good progress has been made in the prepara- 
tion of a Manual of the Geology of India. The map was sent in for colour-printing in 
July last, but it is a very heavy piece of work. Several of the plates of fossils are 
already printed, and I hope the work may be ready for issue about the middle of the current 
year. 

The Records for 1876 contain many papers giving abstracts of current work, or 
discussing important questions relating to it. 

Of the Paljsontologia Indica the Jurassic Flora of Kach, with 12 plates, was issued 
in December. *A similar treatise on the Flora of the Rajmahal Hills iB nearly ready for 
issue. The publication of these figures and descriptions of the plant.remains of the Gond- 
wana system will be of immense service in working out those formations, large areas of 
which still remain to be examined. 

A fasciculus by Mr. Lydekker, with seven plates, on some tertiary vertebrate remains 
will be issued before the date of this report. Of all the work we have in hand none will 
be received with so much interest as information regarding tertiary and post-tertiary 
mammalia. 

I have the pleasure to record that a first class medal was awarded for the exhibits of 
the Geological Survey of India at the Congr&s International des Sciences G^ographiques, 
held at Paris in 18 75. 

Library . — The Library of the Geological Survey has received an addition of 992 
volumes or parts of volumes during the year 1876. 

Of this number 536 were purchased and 456 were received from Societies and other 
Institutions in exchange for the publications of the Survey, or as donations. 

Quarterly lists of these additions are published in the Records, and a nominal list 
of Societies and Institutions from which presentations or exchanges have been received is 
appended. 

Museum . — Much has boen done during the past year in getting the new museum 
into order. The mineralogical gallery is now fairly provided with cases, and the systematic 
arrangement of the collections has made good progress. Mr. Mallet’s catalogue of the 
minerals will, I hope, be ready for publication this year. In the palaeontological galleries 
no new case-room has been as yet provided, so that large parts of the collections are 
unavailable for show or for study. The cases we have are being used for the Indian speci- 
mens. The several series of the general collections have for the present to bo packed 
away. The specimens of the Asiatic Society's collections have been amalgamated with those 
of the Geological Survey in tho Indian Museum. 


Calcutta, . 
February 1877. 


H. B. MEDLICOTT, 

Sup dt . of Geological Survey of India . 
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List of Societies and other Institutions from which publications have been received in 
' donation or exchange for the Library of the Geological Survey of India during the 
year 1876. 


Amsterdam.— Royal Society of Batavia. 

Belfast. — Natural History and Philosophical Society. 

Berlin. — German Geological Society. 

„ Royal Prussian Academy of Sciences. 

Bombay. — Bombay Branch of Royal Asiatic Society. 

Boston. — Museum of Comparative Zoology. 

„ Boston Society of Natural History. 

„ American Academy of Arts and Sciences. 

Breslau. — Silesian Society of Natural History. 

Bristol. — Naturalists* Society of Bristol. 

Brussels.— Royal Academy of Sciences. 

Buffalo. — Buffalo Society of Natural Sciences. 

Budapest. — Royal Geological Institute of Hungary. 

Calcutta. — Asiatic Society of Bengal. 

„ Agricultural and Horticultural Society. 

Copenhagen. — Royal Danish Academy. 

Dresden. — The Isis Society. 

„ The Leopoldino Carolina Academy of Naturalists. 

„ The Royal Museum. 

Dublin. — The Royal Dublin Society. 

„ Royal Geological Society of Ireland. 

Edinburgh. — Royal Scottish Society of Arts. 

„ Royal Society of Edinburgh. 

Geneva.— Physical and Natural History Society of Geneva. 
Glasgow. — Philosophical Society of Glasgow. 

„ Glasgow University. 

G5ttingbn. — Royal Society of Science. 

Jefferson City.— Geological Survey of Missouri. 

Konigsburg. — Royal Society. 

Lausanne. — Vaudois Society of Natural Science. 

Liverpool.— Literary and Philosophical Society of Liverpool. 

„ Geological Society of Liverpool. 

London.— Royal Geographical Society. 

„ Royal Society. 

„ Geological Society of London. 

„ Royal Asiatic Society of Great Britain and Ireland. 

„ British Museum. 

„ Linnsean Society. 

Manchester.— Geological Society. 

Melbourne.— Geological Survey of Victoria. 

„ Mining Department, Victoria. 

„ Royal Society of Victoria. 

Montreal.— Geological Survey of Canada. 

Moscow. — Imperial Society of Naturalists. 

Munich. — Bavarian Academy of Sciences. 

Neuchatel.— Society of Natural Science. 

New Haven.— The Editors of the American Journal of Science. 



PART 1.] 


Annual Report for 1876 . 


0 


New Zb aland. — Geological Survey of New Zealand. 

. „ New Zealand Institute. 

Palermo. — The Royal Institute. 

Paris. — Mining Department. 

„ Geological Society of France. 

„ Anthropological Society. 

Philadelphia.-— American Philosopical Society. 

„ Academy of Natural Sciences. 

„ Franklin Institute. 

Plymouth. — Devonshire Association. 

„ Geological Society of Cornwall. 

Pisa.— Natural History Society of Tuscany. 

Rome.— Geological Commission of Italy. 

Roobkee. — Thomason College of Civil Engineering. 

Salem., Mass., U. S. A.— American Association for the advancement of Science. 

„ Essex Institute. 

„ Peabody Academy. 

Stockholm.— Bureau Gdologique de la Sufcde. 

„ Royal Academy. 

Sydney. — Philosophical Society of New South Wales. 

„ Royal Society of New South Wales. 

Toronto.— Canadian Institute. 

Tubin. — R oyal Academy of Science. 

Vienna.— Imperial Academy of Sciences. 

„ Imperial Geological Institute. 

Washington. — Smithsonian Institute. 

„ United States Geological Survey. 

„ Dept, of Agriculture, U. S., A. 

Yokohama. — German Naturalists* Society. 

York.— Yorkshire Philosophical Society. 

Zurich. — Swiss Natural History Society. 

Governments of India, Madras, Bombay, North-Western Provinces and the Punjab ; Chief 
Commissioners of British Burmah, Central Provinces and Mysore; Surveyor-General of 
India, Superintendent of the Great Trigonometrical Survey of India, and the Meteorological 
Reporter to Government. 
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Geological Notes on the Great Indian Desert between Sind and RdjptJTdNA. 

By W. T. Blanford, A.R.S.M., F.R.S., Ac., Geological Survey of India. 

I. -Introduction. 

The following notes were made during two traverses of the great desert region east 
of the Indus, — the first from Sehwan on the Indus through Umarkot, in the Thar and 
Parkar division of Sind, to Jodhpdr, vid Bdlmir, the second further north and in the 
reverse direction, from Jodhpiir to Rohri on the Indus, vid Jesalmir. The length of the 
first traverse was above 350 miles ; of the second about 300. 

The only previous geological notices of any part of this tract with which I am 
acquainted consist of a few remarks by Dr. Carter in his “ Summary of the Geology of India 
between the Ganges, the Indus, and Cape Comorin/** principally relating to the occurrence 
of granitic rocks near Balmfr, and of some further details procured by the same author 
from Dr. Impeyf concerning the rocks seen on a journey from Rohri to Jodhpur vid 
Jesalmir, Dr. Impey*s most important observations being the occurrence of ammonites at 
Kuchri and of fossil wood at Lathi. The ammonites were referred by Dr. Carter to 
A. opis , Sow., a Jurassic species found in Cutch (Kachh). 

The physical geography of the region has been frequently described ; the latest and 
best description with which I am acquainted being by Sir H. B. £. FrereJ. On this subject 
I have already published some notes recently §. 

II. — Description of Route from Umarkot to Jodhpur. 

Sandhills and lakes east of the Eastern Ndrra. — From the Indus near Sehwan to 
the Eastern Ndrra, the route lay over the alluvium of the Indus Yalley. The Eastern 
Narra is an ancient river channel by which the Indus probably, at one time, poured its 
waters into the western portion of the Ran of Cutch. Immediately to the east of the 
Narra a change takes place, nearly the whole surface of the country being composed of 
sandhills running in parallel lines with a general north-east — south-west direction. Between 
the sandhills are long stretches of water, many of them extending for as much as 15 or 20 
miles, of considerable depth, supplied from the Ndrra. Farther to the eastward, amongst 
the sandhills, are isolated pools of water, all of them salt ; the saltest, which are a saturated 
solution of brine, being farthest east and containing, besides common salt, sulphate of lime 
in sufficient quantity for crystals of gypsum to be formed. These salt-ponds are at a lower 
level than the long lakes near the Ndrra, and apparently derive their water from the latter 
by percolation, for water always runs in at their western extremities, and the salt must be 
derived from the soil. It is evident that the original surface of the country can have been 
no higher than the bottom of the lakes, which is at a depth of many feet below the ohannel 
of the Narra, itself beneath the general level of the Indus alluvium. It is also manifest 
that the soil beneath the sandhills is strongly impregnated with salt. Both these circum- 
stances are in favoui of this tract of country having been an arm of the sea in recent 
times, and this probability is confirmed by the existence in some of the brackish water lakes 
of a mollusk, Potamides ( Pirenella ) Layardi , H. Ad., which inhabits salt-lagoons on the 
coast, and must in all probability have found its way to these now isolated pools of water 
when they were in communication with the sea. 


• Jour., Bombay Br. It A. S. f Vol. V, and Geological Papers on Western India, p. 633. 
t Jour., Bombay Br. R. A. S., Vol. VI, p. iei. 

X Jqw„ Boy., Geo#. Soc., 1870, Vol. XL, p. 181 . 

| Jour. A. 8. R, 1870, XLV, Pt. 2, p. 86. 

% 
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Umarkot to Bdlmir . — From Umarkot to Qodra (60 miles) the road is over sandhills, 
with the same general strike north-east— south-west ; but towards Godra the hills deorease*in 
number, and sandy plains intervene. For about 35 miles from Umarkot, all well-water is 
very brackish, the wells being in sandy clay ; farther to the eastward, although no rock is 
seen at the surface, sandstone is found at a little depth, and sweet water is procured. The 
edge of the sandstone may mark the limit of the old estuary, and henc9 the brackishness 
of the water to the westward. 

Sandstone is also seen in some tanks near Godra. It is fine, whitish or pinkish in 
colour, rather felspathic, soft and often nodular from containing concretions of carbonate 
of lime. From a well in Godra, besides the sandstone, pinkish clay, a gritty ferruginous 
rock resembling laterite, and compact gritty limestone have been procured. No fossils were 
found, and it is difficult to ascertain what the beds can be. They may be either J urassic 
or Tertiary, the former being perhaps rather more probable. 

Near R&msir, 16 miles east of Godra, hills of hard rock begin to appear, at first isolated 
and of small extent, but farther to the eastward forming ranges of considerable height. 
These hills are chiefly composed of a very hard felsite-porphyry, dark-coloured and closely 
resembling jasper in texture. In some places, as at Redano hill, and again at Jessai, coarsely 
crystalline granitoid syenite and pegmatite are associated with the felsite. These felsites 
and their associates may be called for convenience Mal&ni beds.* 

These rocks continue as far as B&lmlr, and extend for a considerable distance north 
and south of the road. The town of Balmir is built partly at the base, partly on the 
slope of a hill, which, like several others to the northward, consists of sandstones, resting 
upon the dark-coloured felsites. At the base of the formation is a coarse conglomerate of 
felsite pebbles ; above this are whitish and grey sandstones, sometimes very compact and 
hard, but elsewhere softer and veined or blotched with purple. A few ill-marked plant 
remains occur in these rocks. 

These beds dip at 20° to 25° to the north-east on Bdlmir hill, a small outlier occurring 
on the top of the highest hill, a trigonometrical station. The same rocks continue for a 
mile, or rather more, along the edge of the hills to the northward, and re-appear in some 
isolated hills in the sandy plain north-north-west of Balimr, the farthest observed being 
five or six miles from the town. Some of the sandstones are used for building, and are well 
adapted for the purpose. 

North and east of Balmir is a great sandy plain with occasional sandhills. At a 
village called Kapuli, 12 miles to the north, a very fine unctuous clay resembling fuller’s 
earth is found and quarried to some extent. It is associated with hard buff shale and some 
calcareous grit. The beds roll about at angles of 15° to 20° and may belong to the same 
group as the Bdlmir sandstones. A calcareous conglomerate is exposed about the village 
of Mohdbar, 3 miles south-south-east of Balmir, and fragments of similar rock are seen 
north of the town, about the tanks. This conglomerate contains pebbles both of the Malani 
felsites and of the B&lmir sandstone and is probably of late origin. 

Balmir to Jodhpur . — At Saokar, eight miles east of Balmir, much calcareous tufa occurs, 
apparently deposited from springs. The water at the village is very hard, evidently con- 
taining lime, and so brackish as to be unfit for drinking. No solid rock is seen in place for 
30 miles east of Balmir, on the road tp Jasol, with the exception of this calcareous tufa. 


• Malawi is the name of the district of which Balmir is the chief town. It belongs to Jodhpur but is at 
preeent under British management. 
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The sandhills increase in number to the eastward ; they are not arranged in long north- 
eabt — south-west ridges as near Umarkot, but in more irregularly formed rises, always steeply 
scarped to the uorth-east, and often shewing evidence of considerable denudation from 
rain. 


Three miles before reaching Naosir, some sandstone is seen, precisely like that of Bdlmir, 
but dipping at low angles. The same rock forms hills to the south near S&run and Sanpha. 
The first-named ridge extends for some miles, the beds dipping about south -40°-east, 
towards an exposure of diorite, which is probably a member of the Maldni beds. Porphyritic 
felsite is seen on both sides of the Sanpha hill, to the east and to the west. The relations 
of these different outcrops is not very clear ; but for the occurrence of felsite west of 
Sanpha hill, it might be supposed that the broad tract from Bdlmir to Ndosir is occupied 
by the Jurassic rocks of which the Bdlmir Bandstones, as will hereafter be shewn, are the 
base, but the ground requires further examination. 

At Naosir a variety of felsite occurs which is very quartzose and of a reddish colour, 
almost resembling red quartzite in places. The usual dark-coloured porphyry with red 
felspar crystals is exposed at the Luni river and forms the range of hills south of Jasol. 
The large hills to the south-east in the direction of Jailor are probably of the same rock, 
which may extend as far as the Arvali range. 

North of the Luni river near Jasol, a somewhat depressed plain, in the neighbourhood 
of the town of Fdnchbhadra, has long been the seat of an extensive manufacture of salt, 
The tract is much covered with sand, but is lower than the surrounding country, and may 
be the site of an ancient salt lake, or of a tract of low country covered at one time by the sea, 
if an inlet extended up the Luni valley. The salt is obtained from pits into which brine 
trickleB, and is evaporated by the heat of the sun. 

For many miles below Jasol no rock is seen in the bed of the Luni river, and there is a 
flat alluvial plain south of the river, which here runs east and west. At Jasol some coarse 
conglomerate, found on the bank of the stream and used for building, is apparently a sub- 
recent formation. From Jasol to Jodhpur, a distance of 60 miles, the whole country appears 
to be alluvial ; no rock is met with, except in a few isolated hills, all of which consist of the 
Malani felsites. 

These felsite-porphyries and their associates, here varying more than usual in character, 
and comprising beds which unmistakably resemble volcanic ash, are well developed at 
Jodhpur, and the greater portion of the town itself is built upon them. The commonest 
variety is a brownish-red porphyry with the usual red felspar crystals, the ash beds being 
well seen about three miles south-west of the town. 

Jodhpur sandstones , — The long ranges of low flat-topped hills, however, which extend 
for many miles south-west, west, and north of Jodhpiir, consist of red sandstone, which may 
perhaps be of Vindhyan age. It is certainly quite distinct from the sandstones of Balmlr, 
and appears to be older. It is, as a rule, rather coarse, often obliquely laminated, and it 
frequently contains small pebbles. It is largely used as a building stone ; some kinds bear 
carving, and its resistance to the destructive effects of exposure is amply proved by various 
old buildings in the neighbourhood of Jodhpur. 

The Maldni felsites only occupy the town itself and a patch of ground extending three or 
four miles to the south-west and north-east, the sandstones resting upon them to the north-west, 
and a sandstone outlier forming the fort of Jodhpur itself. The sandstones are quite 
unconformable to the felsites. To the east and south-east of the town is a bro:id sandy 
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alluvial plain. In this plain between one and two miles east-north-east of the fort, shale, 
pale-greenish and dark-red in colour, is found in wells. The relations of this shale Are 
obscure ; it may belong to the sandstone group. 

III. — Route fbom Jodhpub to Rohbi via Pokban. 

Jodhpur to Pokran . — On the road leaving Jodhpur in a west-north* west direction red 
sandstones are seen at intervals as far as Lowo, a distance of 80 miles. Two small exposures 
of Malani beds were observed near Jodhpdr, one near the village oE Pain, eight miles north 
of the town, the other in a stream-bed, 4 miles farther north, near Managra. The sandstones 
are well seen to beyond Tiydri, 20 miles north-west of Jodhpur, rising into low hills : and 
similar rises extend nearly twice as far in a direction a little north of west ; but from Tiyuri 
to Lowo rocks tire only seen at rare intervals, the country consisting of Bandhills with broad 
sandy flats intervening between them. The sandhills continue for about 40 miles, and then 
gradually becomes lower, less extensive, and more distant from each other, until they finally 
disappear between Dechu and Mandlo. They have no definite arrangement in ridges, but 
present, as usual, steep scarps to the north-east. 

It is impossible to say whether the Jodhpdr sandstones continue throughout the area 
beneath the sand. They appear here and there, and the only other rock seen was some shale 
of a greenish colour which is exposed in a tank just west of Dechu, 60 miles from Jodhpur, 
and may belong to some beds better seen at Lowo. Beyond Mandlo the country is very flat, 
and some portions, which appear to be depressed below the general level, form salt plains. 
Three of these are passed between Mandlo and Pokran, one at Daidia, a second north of 
Lowo, and the third, which is by far the largest, a few miles east of Pokran. The origin of 
these plains is very obscure : they may have originated in changes of level, though there is a 
possibility of their being portions of old valleys dammed up by sand. When rain falls, water 
accumulates in them to a small extent, and, evaporating, leaves a thin crust of salt. Similar 
salt plains were seen near Rodano hill, west of B&lmir. The amount of denudation from 
rain in this region must be singularly small, or such shallow depressions would be filled up. 

The red Jodhpur sandstone is seen east and west of the Daidia plain, and it forms a 
continuous low scarp to the north of the plains at Lowo and Pokran. But at Lowo itself 
some peculiar gritty and sandy shales are seen, mostly hard and sometimes poroellanic, of 
various shades of red and green, and containing in places pebbles and boulders of all sizes up 
to many feet in diameter, composed of felstone porphyry and granitoid syenite, all apparently 
derived from the Malani beds. These shales stretch across towards Pokran, where they occur 
to the south and west of the town. About half way from Lowo to Pokran there is a con- 
siderable outburst of basalt, the relations of which are not clear, no similar rock having been 
found associated with the volcanic Malani beds. 

The town of Pokran appears to be built upon sandstone, but the rock is badly seen, and 
is cut up by veins of calcareous tufa. To the north the same rock forms a low’ escarpment ; 
whilst south, west, and south-east of the town volcanic rocks occur, clearly belonging to the 
Mal&ni porphyries, and consisting of felsite of various colours, often pale-green or slate-coloured, 
with, in places, grains of transparent quartz and the characteristic felspar crystals. In many 
places these rocks have a distinctly stratified appearance, due probably to imperfect cleavage. 

Upon the volcanic rocks rests, in places, a thick deposit of boulders derived from them, 
in a matrix of coarse red grit. Green shajes, precisely like those of Lowo, are associated with 
this boulder bed, which contains rounded fragments of all sizes up to two feet in diameter. 
At one spot, a short mile south-west-by-west of Pokran, where the surface of the porphyry, 
underlying the boulder-bed, was exposed, it was unusually smooth and distinctly striated, the 
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strie running north-east— south- west. This is strongly confirmative of the probability of 
gl&cial action having contributed to the transport of the large boulders seen at Loivo. It 
should, however, be mentioned that the boulders seen near Pokran were all rounded, and 
none exceeded the dimensions often carried down by an ordinary stream. 

About a mile north-west of Pokran, in some ravines, the sandstones are seen abutting 
against both Mal&ni beds and shales, and apparently resting unoonformably upon both. 

Pokran to Jesalmir . — From Pokran to L&th£, the country is a sandy plain in which 
rock appears at but few places, and is even then very ill seen. The few exposures which 
occur belong to various groups, and it is often difficult to assign them with any certainty. 
Four miles west of Pokran, volcanic rocks (Mal&ni beds) are exposed in a tank, and a few 
fragments seen on the road-side further west are probably the same. About nine or ten miles 
from Pokran, red sandstone is seen in place ; but it is conglomeratic, and does not resemble 
the Jodhpur beds. Near Odhania some old-looking impure limestone occurs, of various 
colours, yellow, brown, slatey, white, &c., associated with whitish quartzite. Some of the 
limestone resembles that of the Lower Vindhyans. 

At Odhania itself grey shaley sandstones are seen in a tank east of the village, 
whilst to the north-west massive greyish and white sandstone and grit are exposed, and 
quartz pebbles scattered over the surface indicate the presence of conglomerate. These 
beds differ from anything previously seen and probably belong to the Jurassic series. West 
and south-west of Odhania fragments of diorite and porphyry occur, containing, besides 
felspar, hornblend or augite crystals ; and, about half a mile west of the village, fine 
grained syenite is seen in place. These rocks evidently belong to the Mal&ni series. 

On a rise two miles weBt-20°-north of Odhania, scattered fragments of white quartzite 
are seen ; then, half a mile farther west, a conglomerate is exposed of various pebbles, 
chiefly felsite, in a matrix of red grit. This bed precisely resembles the boulder-bed 
of Pokran. Half a mile farther quartzite recurs ; it is finely laminated and white or 
grey in colour. This was the last exposure of the older beds noticed. The quartzites 
and old limestones may belong to the same series as the shales and boulder-beds of 
Lowo and Pokran, but nothing can be determined from the very poor exposures seen. 

About four miles before reaching L&thf, dark-brown, hard ferruginous sandstone is 
seen, resembling the " iron bands** of the M&h&ddva and Kdmthi beds, and the same 
reappears a mile further on a rise to the north of the road. This rock belongs to the 
lower portion of the Jurassic beds. For a mile or two before reaching L&thl, and for 
about the same distance west of the village, soft whitish and reddish sandstones are 
exposed in a hollow, which has been the bed of a stream. The beds are nearly horizontal ; 
they abound in fragmentary vegetable remains, none of which, however, can be identified. 
Large blocks of silicified wood occur unrolled ; none of the larger fragments were seen 
in place, but smaller pieces, less well preserved, are embedded in the sandstone. 

For many miles west of L&thi there is the same sandy plain as to the eastward 
rocks being only seen at very few places, as at Sodakhor, six miles west of L&thi, where 
calcareous conglomerate with sandstone pebbles, grey sandstone, and black ferruginous 
sandstone occur; nothing more is seen for twelve miles. Near Shawal a low scarp is crossed, 
consisting of the same grey sandstone, with hard blackish ferruginous bands; and 
this scarp can be traced for a lojtfg distance to f the southward. A little farther west 
yellowish-brown limestone crops out, weathering red and containing fossils, apparently 
Gasteropoda. The succession of low scarps dipping westward shews that an ascending 
series of beds is traversed, the westwardly dip being, however, very low. 
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Neighbourhood of Jesalmir . — Three or four miles north-west of Hanyra, a higher 
scarp of buff-coloured limestone is reached ; it rests upon sandstone, and this scaVp 
extends to Jesalmfr. Above the scarp the ground is rocky, and a second scarp of very 
similar limestone and sandstone exists at a short distance from the first. Some of the 
sandstone is very hard and vitreous. The beds have a low dip to the northward, and 
six or eight miles farther in that direction another scarp of rocks, higher in the series, 
is seen. 

Jesalmfr is at the base of the lower scarp, the fort being built upon a detached outlier. 
The same scarp extends for some distance to the west, then turns south-west. It can be 
traced about six miles from the town, the beds throughout being the same buff compact 
sandstone, resting on whiter calcareous beds, and these again on grey sandstones with occasional 
ferruginous bands. Six miles from Jesalmfr, near a stream-bed called Kakana, the rocks begin to 
roll about, but they are said to be traced some six miles farther, to a village called Mohar, before 
being covered up by the sand of the Thar. The surface of the limestone above the scarp 
is very distinctly striated by the action of sand driven by the wind, the striae running 
about north-35°-east. The limestone abounds in marine fossils'of J urassic age. 

The limestone is an admirable building stone, and is largely quarried. Jesalmfr is 
built of it ; and slabs are exported all over the country for temples, tombstones, &c., some 
having been taken even as far as Sind. It is used for fine carving, some of the pieces which 
have beon taken to Sind having elaborate Arabic inscriptions cut upon them ; it is of uni- 
form texture and very fine grain, and it resists the action of the weather welL 

The rocks south and south-east of Jesalmfr are much better exposed than to the 
eastward, and are seen in descending sequence as far as Kfta, a distance of about fifteen mlies, 
all having a low dip, usually less than 1°, and never exceeding 2°, to the north-west. From 
Kfta to Vinjorai all the country is said to be covered with sandhills. At Vinjorai it is said 
that peaked hills occur; these may consist of the Mal&ni porphyries. The beds seen 
between Jesalmfr and Kfta are doubtless identical with those between Jesalmfr and L6thf : 
for the first ten miles they consist of a succession of limestone beds interstratified with sand- 
stones. Just south-west of the fort at Jesalmfr there is a low scarp of impure brown 
limestone resting on soft grey sandstone. Below this again, south-by-east of the fort, and 
south of a large tank, some hard grey limestone is found, abounding in small shells ; it 
is quarried to a small extent for ornamental purposes. It contains fragments of buff 
limestone and pale-yellow calcareous shale. Beneath these beds occurs a succession of brown 
limestones, brown and grey sandstones, often calcareous, ferruginous sandstones, dark- 
brown or blackish in colour, and conglomerate, containing pebbles of quartzite, red jasper, 
and ferruginous sandstone, the last precisely like that found in the beds beneath all the 
limestones. Other conglomerates contain fragments of grey sandstone and ill preserved 
fossil wood, mixed with ferruginous nodules, in a yellowish calcareous matrix. 

The lowest band of limestone forms a well-marked scarp, which is seen extending for 
many miles to the south-west. Beneath it soft grey sandstones, with hard brown or black 
ferruginous beds, prevail, all dipping slightly to the north-west. At Kfta soft, white and 
variegated sandstones occur, the former in every respect resembling the beds of Lathi, 
and, like them, containing in abundance indistinct vegetable fragments. In places these 
fine, white, rather micaceous beds are Gained with lilac, purple and scarlet iu irregular 
veins and blotches, and they then are much like some of the B&lmir sandstones, except in 
being softer. It is not seen on what these rocks rest. To the south-east, in which direction 
lower beds might bo found, all the country is covered with sand-hills. 



16 


Records of the Geological Survey of India. [vol. x. 

Jesalmir to Rohri. — The country to the north of Jesalmir was not examined. Lime- 
stbne is said to extend in this direction for about fifteen miles. Westward, on the road to 
Rohri, the Jesalmir limestone bed is traversed for seven or eight miles, then after two miles of 
sandy plain, some low hills are crossed, consisting of calcareous sandstone, partly whitish, 
partly dark -coloured, with a little limestone. These beds appear to overlie the Jesalmir lime- 
stone. The next rocks seen form a low ridge north-west of Chitrail, about fourteen miles from 
Jesalmir, and consist of blackish ferruginous sandstone, dark-brown calcareous sandstone, 
whitish calcareous sandstono — which weathers into heaps of fantastic forms, resembling bones 
or stems of trees — yellow and buff sandstones, and white sands, streaked and variegated with 
purple. These beds have a low north-west dip, less than 1° in general, and consequently 
they appear to overlie the beds of l esalmir. Very little rock is seen for ten or twelve 
miles to the westward, the little which is seen being similar to that near Chitrail. 

A mile west of Kuchrf, twelve miles from Chitrail, another low scarp appears, consisting 
of dark calcareous sandstone resting upon soft, white sandstone. On the top of the scarp 
there is a band of buff and brownish limestone, sometimes changing to red where exposed, 
and abounding in Ammonites of three or four kinds: an Area and other bivalves also 
occurring, and there is a bed of oysters. It was a fragment of this rock, brought by 
Dr. Impey, which was examined by Dr. Carter, and recognized as of Jurassic age. 

These beds have a low dip to west- north-west. In the valley to the westward, some 
soft grey sandstone of the usual Jurassic character is seen, with, as usual, hard ferruginous 
beds interstratified. West of this again, four or five miles from Kuclirf, is a steep scarp of 
Nummulitic limestone, resting on the Jurassic beds. The junction is clearly un conform able, 
although the unconformity is not marked and the bedding of the two formations is nearly 
parallel. On the top of the scarp is a bed of the rock characteristic of the Khirthar lime- 
stone weathering with a rugged nodular rubbly surface, and containing Nummulites 
Ramondi , N . Leymeriei ? and N. Beaumonti. Below this are softer yellowish beds, and 
near the base are some greenish and buff shales, associated with an impure limestone con- 
taining N. Spira. This band, doubtless, represents the lowest bed in the Rohri hills, in 
which N. Spira is especially abundant. No trace of the green clays seen below the lime- 
stone of the Rohri hills, or of any of the infra-Nummulitie and cretaceous beds of Sind, 
could be recognized. 

The scarp extends for many miles to the north-east ; to the south-west it is covered by 
sand-hills. Westward the limestone extends for about two miles beyond Kuyala, or between 
four and five miles altogether, and patches occur beyond ; at first at short intervals ; but after 
three or four miles, no more are met with until one is seen amongst the sand-hills about 
seventeen miles from Kuyala, and another halfway between Asii and Gotaru. About five 
miles west of Kuyala, near some wells called B&nda, there is an iulier of buff limestones and 
ferruginous sandstone, evidently belonging to the Jurassic rocks, surrounded by nummulitic 
limestone. 

On the road which passes through Asu, sand-hills begin to cover the ground completely 
about six or seven miles before reaching that village, which is twenty-two miles from Kuyala, 
and they continue thence for the greater part of the distance to Rohri. Near Asu and Gotam, 
they are arranged in long ridges, having a general direction of about north-20°-east to south-20°- 
west; but towards Mitrahu, the first place where « fresh water occurs within the Sind fron- 
tier* regular ridges cease and irregular hills occur, often scarped steeply to the north- 
north-east, Alluvial tracts and marshes appear between the hills, and the country is within 
the limits of the Indus alluvium. 



fart 1.] Blanford: Great Indian Desert between Sind and Rdjpntana . 17 


IV.— Summary of Geological Obsebvations. 

. Formations observed . — From the preceding account, of the journey, it will be seen that 
in the tract traversed the following formations were distinctly identified : — 


0. Blown sand 

8. Alluvial deposits 
7. Nummulitic limestone 
6. Ammon it iferons beds of Kuchrf 
S. Jesalrair limestones and sandstones 
4. Balmfr sandstones ... 

3. Jodhpdr sandstones... 

2. Sbales and boulder bed of Lowo and Pokran 

1. Malani folslte, porphyries, syenite, Ac. 


j Post tertiary. 
Tertiary , 

^ Jurassic. 

T Yindhyun. 

? 

? 


Malani beds . — It is evident that these, the oldest rocks met with in the portion of 
the desert traversed, aro volcanic. Their extremely silicious nature may be due to alteration 
but their porphyritic character, and the occasional occurrence of ash beds, sufficiently attest 
their volcanic origin. They consist principally of very silicious felsites, so hard that they 
are not scratched by quartz, and have frequently the appearance and texture of jasper. 
They vary greatly in colour, from black or dark-drown to pink, blue or white, the dark- 
coloured rock being always hard and undecomposed, whilst the lighter-coloured varieties 
are softer and appear to be altered. The most constant character is the presence of small 
crystals of felspar, usually of a pink or red colour, in addition to which small grains of 
transparent silica are frequently dissiminated throughout the rock. 

In places diorite was found associated with these rocks, and in some of the hills west 
of B&lmfr, coarsely crystalline granitoid syenite and pegmatite are intercalated in large 
masses with the porphyritic felsites. True granite may occur, but in the few hills examined 
mica was absent, although the character of the rock was distinctly granitic. The presence 
of similar granitoid rocks elsewhere is rendered probable by the occurrence of pebbles and 
boulders in some of the later beds. 


The Malani rocks must be very ancient, but no idea can be formed of their geological 
position, as they are nowhere associated with rocks of known ago except where underlying 
beds of comparatively recent date, and nothing resembling them appears hitherto to have been 
detected elsewhere in India. They form the hills extending upwards of 30 miles west of 
Balmfr, and south as far as Chotan, 25 miles south-west of B&lmfr, and north probably to 
Vinjorai, 35 miles south-south-east of Jesalmir. South of the Balmfr hills, no rocks are 
known to occur for a considerable distance, but the syenite hills of Nagar Parkar, which are 
in this direction, may probably belong to the Malani series. To the eastward of Balmfr no 
rocks are seen for 30 miles, but the porphyritic felsites are extensively developed on the Luni 
river for many miles below Jasol and Panchbhadra; they appear to form a portion at least 
of the high hills south-west of Jasol, towards Jailor, they constitute the few rocky hills 
which rise out of the sandy plain between Panchbhadra and Jodhpur, and they reappear at 
Jodhpur itself, where some of the beds are unmistakable volcanic ash. On the road from 
Jodhpur to Jesalmir, their presence, except near Jodhpur, was only detected iu the neighbour- 
hood of Pokran. 


2. Shales of Lowo and PoJcran , — The next series of beds in ascending order consists 
of peculiar green, red, and variously coloured shales, occasionally soft, but often hard and 
even porcellanic. Some are fine, others^ are coarse and sandy, and contain grains of pink 
felspar, and of a green mineral resembling epidote ; some beds being composed throughout 
of one or the other of these minerals. In places, pebbles and boulders of the Malani por- 
phyries and syenite are found towards the base of these shales ; the boulders being occasionally 
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from three to four feet iu diameter, whilst remains of much larger blocks, which had fallen to 
pieces, but which could not have measured less originally than twelve to fifteen feet in 
diameter, were seen about Lowo. These boulders appear to have been brought from a distance, 
and there is some reason for supposing that they may have been transported by ice, as the 
underlying surface of the Malani porphyries near Fokran was in one instance found to be 
grooved and striated. 

These beds also can be identified with no known Indian formation. The shales were 
found around Lowo and Pokran, and some quartzites, limestones, &c., of ancient appearance, 
but which are very ill seen in places west of Pokran, may belong to the same series. Some 
shales which were observed in a tank at Dechti, 60 miles west-north-west of Jodhpur, and 
about 30 east-south-east of Pokran, may be the same. Some softer shales which occur at. 
Jodhpur should more probably be referred to the next group. 

3. Jodhpur sandstone *.—* The sandstones which cover a considerable tract of country 
in the neighbourhood of Jodhpur are usually coarse in texture and almost always dull red 
in colour, though occasionally white or brown. As a rule, they are purely quartzose, but 
they sometimes contain felspar, and in places they are highly micaceous, the mica being 
arranged in layers, so as to produce a shaley structure. Small pebbles occasionally occur 
and are chiefly composed of quartz, but the rock is not usually conglomeratic ; it is, however, 
often obliquely laminated, and the surfaces of slabs are frequently ripple-marked. The beds 
are quite unaltered and often nearly horizontal, rolling about at low angles. 

Except for their being rather softer, there is little, if anything, to distinguish those 
sandstones from some of those belonging to the Vindhyan series. No rocks of this series 
have hitherto been detected west of the Arvali hills, the great Yindhyan area commencing 
several miles to the eastward of that range. The reference of the Jodhpur sandstones to 
the Vindhyans is little more than a suggestion ; they resemble the beds of that series more 
than any other known Indian formation, but it is quite possible that they may belong to a 
different horizon. 

The Jodhpur sandstones were not noticed south-west of Jodhpur. They are found for 
some distance west of the town and for many miles to the northward, their extent in this 
direction being quite unknown. They are found stretching from Jodhpur to Pokran, a 
distance of 90 miles, but much of the intervening country is so completely concealed by sand, 
that it is impossible to say whether any breaks occur. 

4. Bdhnir sandstones .— The next three groups belong in all probability to the Jurassic 
series ; marine Jurassic fossils being found abundantly in the two upper. At Bdlniir and 
in some hills to the eastward a considerable thickness of sandstones, grits and conglomerates 
is exposed, the characteristic beds being whitish or grey sandstone, very fine and compact, so 
compact indeed as to break with a sharp conchoidal fracture, and to have a sub-vitreous lustre 
on the fractured surface. With these beds coarser and finer sandstones are associated, the 
finer passing into a compact hard shale, whitish in colour, but sometimes veined and 
blotched with purple, and at times entirely purple. There are also bands of coarse con- 
glomerate towards the base, containing, at Balmir, pebbles of the underlying Malani beds. 
A few fragmentary remains of plants were found in these beds, but none sufficiently well 
preserved to be determined with certainty. 

Similar rocks, rather less hard, occur near Naosir, Sanpha and Sarun, 30 miles east of 

B&lmir, the intervening ground bejug concealed by sand-hills. 

* 

East and south-east of Jesalmfr, beneath the marine Jurassic beds of the next group, a 
considerable thickness is exposed of grey, white, and brown sandstones, interstratified with 
numerous bands of haad black and brown ferruginous sandstone and grit. The base of these 
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beds is not seen, but tbe lowest strata exposed at Eit.a, 15 miles from Jesalmir, on the road 
to Bjalmir, are fine white beds, soft, argillaceous, and slightly micaceous, and stained purpld, 
lilac and scarlet in places. Some of these beds so closely * resemble the variegated sandstones 
of Balinir that it is probable thoy are of the same age, and their much greater softness may 
be due to the smaller amount of disturbance they have undergone. Precisely similar soft 
white sandstones are found at Lathi, 40 miles east-by-north from Jesalmir, and are doubtless 
on the same horizon as those of Kita : at both places fragmentary plant remains are common, 
but nothing recognizable could be found except some dicotyledonous fossil wood, which occurs 
at Lathi. 

These rocks resemble the Umia beds of Cutch, and they are very similar to some 
Gondwana rocks, especially portions of the K&mtln and Mahaddva groups. 

5. Jesalmir limestones . — Above the beds last mentioned are the Jurassic limestones and 
sandstones of Jesalmir. These consist of sandstones with thick bands of compact, buff and 
light-brown limestones, one of the most beautiful building-stones in India, and of which 
much use might be made if it were more accessible. The sandstones vary much, being grey, 
brown and blackish (ferruginous), sometimes calcareous, and occasionally interstratified with 
bands of conglomerate, containing pebbles of quartzite, red jasper, and ferruginous sand- 
stone, the last of which looks as if derived from the underlying group. Some other forms 
of limestone occur, and in one place a grey rock abounding in shells is found. 

The limestones contain numerous fossils. Specimens of Ammonites ( Stephanoceras ) 
fissus. Sow., were obtained from the natives at Jesalmir, but the exact locality could not be 
determined; there can be little doubt, however, of its being in the neighbourhood of the 
town. I found the following species in the limestone scarps ; for the determination of several 
of them I am indebted to Dr. Feistmantel : — 

Echinodermata. 

Hemicidaris , sp. 

Pygurus, sp. 

Molluscoida. 

Terebratula biplicata , Sow. 

T. intermedia , Snow. 

Rhynconella , sp. 

Mollusc a. 

Mactromya 9 tp. common. 

Jlomomya , 2 sp. 

Pholadomya granosa, Sow. 

Corbula lyrata 9 Sow., common. 

C . peclinata , Sow , common. 

Trigonia costata , Sow. 

Nucula cuneiform is. Sow. 

Modiola t sp. 

Pinna , sp. 

Pecten lens 9 Sow. 

Anomia t sp. 

Nerinaa , 2 sp, 

Natica , 2 or 3 sp. 

Nautilus Kumagunensis , Waagen. 
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Many of these are characteristic Jurassic forms, and are found in the Oolitic rocks of 
Chtch ; the two Cephalopoda, Ammonites fasus and Nautilus Kumagunensis , being, met 
with in the Ch&ri group. 

Above the limestones of Jesalmfr, sandstones of various colours, frequently calcareous, 
arc seen, but they are not so well exposed as the beds below the limestones, and it is difficult 
to say whether these upper strata should be assigned to this group or the next. 

No unconformity could be detected between the Jesalmfr beds and the underlying sand- 
stones which are supposed to represent the Balmfr rocks. The lowest beds of tho former 
arc seen in a scarp a few miles south-east of Jesalmfr. At the same time the examination 
made was necessarily cursory, and the existence of a break is rendered probable by the 
occurrence of pebbles, apparently derived from the lower group, in the conglomerates of the 
upper. 

6. Ammonite bed of Kuehri . — At Kuchrf, two short marches, or about 25 miles 
west-north-west of Jesalmfr, a belt of rocks appears, consisting of dark calcareous sandstones 
resting on soft white sandstone, and capped by a thin bed of buff and brownish limestone, 
weathering red where exposed, and abounding in Ammonites of a yellow colour, belonging to 
three or four species, an Area , oysters and other bivalves. None of the Ammonites appear 
to bo Cutcb species, though one form is near A . opis, Sow. Above the limestone is 
some grey sandstone with hard ferruginous bands of the usual Jurassic character, and upon 
these beds rests nummulitic limestone. 

The relations of the Kuehri beds to those of Jesalmfr is not quite clear, but apparently 
the former are higher in the series. Still, as no rocks are seen over a considerable propor- 
tion of the intervening country, there may be a concealed roll of the strata, or a fault, 
but it is more probable that the beds are nearly horizontal, with a gradual ascending sequence 
to the north-west, and unfaulted, because any kind of disturbance would tend to harden the 
beds and enable them, by resisting denudation, to stand up above the surfuce. 

7. Nummulitic limestone . — This was only seen west of Kuchrf. It appears to repre- 
sent the lowest beds of tho Khirthar group at Kolirf, and it rests directly on the Jurassic 
rocks, no representatives of the lower Eocene (infra-nummulitic or Ranikot group), Deccan 
traps, or Cretaceous beds of Siud and Cuteh being met with.* 

8. Alluvial deposits . — Exclusive of the Indus alluvium, a large portion of the desert 
appears to be covered with deep alluvial deposits. This is especially the case in the Luni 
valley, and the country south-west of Jodhptir, but large tracts between Godra and Baliiffr, 
others east of Balmir, and between Jesalmfr* and Pokran, are thickly covered with a sandy 
deposit, which is doubtless at the surface a comparatively recent formation. Many of these 
tracts are covered with blown sand, and the wash from the sand-hills is spread over the surfaco 
and cannot be distinguished from older sandy deposits. Much of the alluvium, however, 
appears to he of older date than the blown sand, and to have covered the surface before 
the sand-hills were formed. 

9. Blown sand . — An immense area of country is entirely covered with sand-hills, and 
tracts of blown sand are to he found in numerous places from the banks of tho 
Indus to tho Arvali range. Besides the more isolated hills scattered over the country, 
there are two tracts in especial, in the area traversed between Sind and Jodhptir, in which the 
surface is entirely covered with blovyn sand. One of these, which is known as the Thar, is 
in eastern Sind, along the edge oi the Indus alluvium, and it extends the whole length of 

• I have since aeon frafftnents of the samo limestone said to lia\c been brought from youth of Jesalmfr, llm 
locality being probably near Vmjorui. 
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the province, from the Ran of Cutch to the Baliawalpiir territory. The other tract 
extends northward or north-north-east, also from the neighbourhood of the Ran, and ^as 
crossed east of B&lmir, and again between Jodhpur and Pokran. It appears to extend 
towards Bikaner. 

The hills in the western tract are arranged in regular parallel or nearly parallel ridges 
running nearly north-east and south-west to the southward near Umarkot, while further 
north, towards Rohrl, they have a direction from south-south-west to north-north-east. The 
ridges frequently end abruptly with a steep slope to the north-east. 

Elsewhere the sandhills are not arranged in parallel ridges, but are more or less thickly 
scattered over the surface, and have always a steep slope to the north-east and a long 
gentle slope to the south-west. It is evident that the sand has been transported and 
deposited by the strong south-west winds of the hot season — May, June, and July. The 
origin of the parallel ridges is much more obscure, but there can be very little doubt of 
their being due to the south-west wind*. 

The sand consists chiefly of rounded quartz grains, felspar, hornblend and one or two other 
minerals being also present in small quantities. A portion of it may be derived from the 
Indus, but a far larger proportion must be due to some other source. Many of the sand-hills 
are evidently of great antiquity ; despite the small rainfall of the desert region, they show 
signs of considerable denudation in parts, and are cut into deep ravines by the action 
of water. 

It is highly probable that the Ran of Cutch is an old inlet of the sea, which has been 
filled up by tbe sediment brought in by the Luni and other rivers. The presence of a marine 
mollusk, living in the salt-lakes north of Umarkot, proves that this inlet extendod far up 
the Indus valley, and the great saltness of the soil, both in the Thar and in the Luni valley, 
suggest the probability of the sea having extended in both directions. The shore of this 
great inlet may easily have supplied the blown sand which now covers so large an area of 
the desert, and the distribution of the sand-hills nearly coincides with what might be expect- 
ed if the sands were derived from such a source. 

Throughout the greater portion of the desert there is no evidence of marine denudation. 
Nothing of the kind is seen neer Biilmir, and the scarps near Jesaltmr aro evidently due to 
subaerial action, and quite different in appearance from sea cliffs, each being fovmed by the 
outcrop of a hard bed. It therefore appears probable that the central region of the desert 
was above the sea, forming either a promontory or an island, whilst the Ran of Cutch, the 
Indus valley, .and portions of the Luni valley were under water. 


On the occubbknck of the cbetackous genus Omphalia neab Namcho Lake, 
Tibet, about 75 miles north of Lhassa. By Oxtokak Feistmantel, m. i>.; Geological 
Survey of India, 

Last year (1876) the Geological Survey received some fossils from Captain Trotter, 
which were collected by one of the Pandits attached to the Trigonometrical Survey of India 
on his route from Ladak (Leh) to Lhassa.f 

The most peculiar amongst them appeared to Mr. W T. Blanford, who first received 
this collection, and subsequently to me, some TurritellaA&Q forms, which were especially 
characterised by two well-marked, prominent ribs in each whorl (in the whole height of the 


* See for further details J. A. S. B., 1876, XLV, Pt. II, pp 92,67, Ac. 
t Sec sketch- map iu Geographical Magazine, June 1876. 
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shell), by an angular (sinuated) striation of the shell in each whorl, and by the thickness of 
thd shell. The specimens were labelled 11 Hills near Namcho Lake, Tibet/' Other work, 
especially on the different local floras of India, compelled me to delay the determination for 
a future occasion. 

When later the palaeontological collections of the Asiatic Society of Bengal were amal- 
gamated with those of the Survey in the Indian Museum, I found amongst them a much 
better preserved specimen of the same kind as mentioned above; but no locality was 
attached, only the inscription “ Glaucoma” sp. P 

This discovery induced me to return to the examination of the Pandit's fossils, and they 
yielded the interesting result that the fossils belong to that genus, which was established 
first by Zekeli in his paper on “ Gasteropoda of the Gosau formation, 1852 *' with the name 
Omphalia , Zek., with which Glauconia , Gieb., is synonymous. 


Family : TURRITEL LID2E. 

Genus. — Omphalia, Zekeli , 1852. 

1852. Zekeli Gasteropoden der Goeaugebilde, Abhandl., der k.k., Geolog. Reichsanetalt Wien— 
1852. 

1852. Glauconia, Gicbel allgeraeine Paleeontologie, p. 185. 

1863. Omphalia, Reuse : Kritisclie Bemerkungen liber die von Hern Zekeli bescliriehenen 
Gasteropoden der Gosaugebilde in den OBtalpen. Sitzb. der k f Acadctn, der 
WiBsensch, Vol. XI, p. 7. 

1853. Idem, Abstract in Leonhard and Bronn N. Jahrb. f. Mineral, etc., p. 635. 

1842-43. Turritella, ex parte D’Orbigny, PaL francaise GasteropodeB, Terrain crdtac^s, Vol. II. 
PI. 162, 163. 

1863. Omphalia , 3 new species, Drcscher Uber die Kreidebildungun der Gegend von Lfiwenberg, 
Zeitschr, d. D. Geolg. GeBellsch, 1863, p. 334, PI. IX, f. 2-7. 

1866. Omphalia, Dr. Stoliczka, -Eine Revision der Gasteropoden der Gosauschichten in den 

Ostalpen, Sitzb. d. k. Acad. d. Wise, in Wien., 1863, p. 11. 

1865. C auiope, (replacing or including Omphalia , Zekeli) Coquand, Monograph de l'd'tago 

Aptien de l'Espagne, p. 67, PI. Ill, IV. 

1867. Glauconia, Stoliczka, Gasteropoda of the cretaceous rocks of Southern India, Pal. Indies, 

vol. v., 1867, p. 209, ct sequ. 

I think I am right, using the generic name Omphalia, as Zekeli established it, 
and not Glauconia, Giebel, which was published, it is true, in the same year, but Zekeli's 
paper was presented already, partly at least, in 1851, although published only in 1852. 

Prof. Ileuss and Dr. Stoliczka, in their papers 1853 and 1865, did the same, only in 1868 
Dr. Stoliczka adopted, in contrast with his paper of 1865, the genus Glauconia, including 
Omphalia, Zek. 

Quite unnecessarily and superfluously M. Coquand, 1865 (1. c.), established a quite new 
genus Cassiope , uniting with it, without sufficient grounds, Zekeli's Omphalia. Zekeli first 
gave most figures of this genus, and so his name is to be used by all means. 

The characters of the genus are the following 

M shell is always shortly cbnoidal or turrefced, very thick, with spiral ridges or ribs ; 
the columella generally hollow, aperture round-ovate ; the exterior lip with two emarginations, 
of which one lies above, or rarer in the middle of the right labial margin, the other on the 
base. The stri® of growth are sinuated (waved) according to the emargination.” 
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As to the systematical place, it seems that Omphalia is mostly related with the Turri - 
tellida , although it presents also some similarity with the Melanida , and Dr. Stoliczka 1’. c. 
p. 211 (1867) considers it as a truly intermediate form Between these two families, although 
he describes it at the beginning of the Turritellida . 

The difference from Cerithinm is established by the form of the aperture and the com- 
plete want of any canal to the aperture. 

In Leonhard and Bronn N. Jahrb. (1868) p. 636, a relation with Nerinea is mentioned 
as possible. But Nerinea has such a constant appearance in the faults on the columella and 
in the more rhomboidal aperture, that forms of it can scarcely be mistaken. 

Also in comparison with Turritella there are differences enough. The shell of Turri - 
tella is always higher and more accuminate, thinner, has no real columella and an cmargina- 
tion in the exterior lip is not constant, and when present, always shallower aud the striae of 
growth therefore are never so waved. 

As to the “ conditions of living” of the Omphalia, Dr. Stoliczka already, in his revision 
of the Gosau Gasteropoda (1. c., p. 16), stated that the Omphalia in the Alps are characteristic 
of coal-bearing strata, — and he concludes that they appear to be inhabitants of brackish 
or fresh water (Pal. Ind. 1. c., p. 211), or at least more littoral (Revision 1. c., p. 15), by which 
the construction and structure of the shell is well explained. 

The genus Omphalia, Zek., is at present with certainty known mostly only from cre- 
taceous rocks : from Aptien, Cenomanien, and Gosau. 

A representative, as the oldest, is known from Wealden. In the Gosau, Zekeli de- 
scribed nine species, which Dr. Stoliczka reduced to four, but there are to be added still three 
of D’Orbigny’s Turritella, i. e., Turritella Renauxiana, T. Requieniana, and Tnrr. 
Bauga ,* further Coquands species of Cassiope are to be placed here. Three species are 
described by M. Drescher (1. c.), but all distinct species are cretaceous. 

Our species is very well marked and different from the others known, so that I will de- 
scribe it as follows : 


Omphalia Tbotteei, Fstm. PL I, f. 1 — 4. 

Testa coniea turrita, ohlonga, umhilicata apieeni versus attenuata, hoc modo laterihus 
paulo incurvata ; anfractibus septem et pluribus ; omnibus duas tantum costas distinc - 
tissimas continentibus , ultimo in solum tertia costa apparente ; costis anfractorum et 
spatiis inter eos differenter (undulatim) striatis; apertura oblonge rotunda, columella 
glabra . 


Measurements of the specimens. 

a . — Specimen fig. J : 

Spiral angle, apical portion 

apertural portion ... 

Sutural angle 
Total height... 

Height of the last whorl 

Height of last whorl to total of shell (taken 100) 

• 

Breadth (below; 


... 48° 

... 30° 

... 108° 

... 46 mm. 
... 16 mm. 

••• tVJf 
... 26 mm. 


In his Cretac. Gasteropoda of S. India Dr, Stolicska considers this Bpecies again as Turritella. 
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b . — Specimen fig. 2 : 

Spiral angle apical portion # ... 

apertural portion 
Sntural angle ... 

Total height 

Height of the last whorl 

Hoight of last whorl to total length 

Breadth 


c.— Specimen fig. 3, (fragment.) 


Spiral angle, apertural portion 
Sutural angle 

Height of fragment ... .« 

Height of specimen restored ... 

Height of last whorl ... 

Proportion of last whorl and total height 

Breadth 


d . — Specimen fig. 4 : 


Spiral angle ... ... ... 

Sutural angle ... ... ... 

Height of fragment 

Height of shell restored ... 

Hcigth of laBt whorl ... 

Proportion of height of last whorl and total of shell 

Breadth ••• tee MS 



... 106 ° 

... 62 mm. 

22 mm. 


*•* Tory 


31 mm. 


... 17 ° 

... 100 ° 

... 44 mm. 

... 96 

... 21 mm. 


fob 


... 36 mm. 


, 34° 

104° 

47 mm. 
67 mm. 
16 mm. 

tVo 

26 tnm. 


Description : — The shell is conical turreted, oblong, umbilicated ; it is not quite regular 
in the whole height, hut it becomes more attenuated towards the apex, so that in the upper 
part it is a little incurved ; there are seven or more whorls bearing the chief character of the 
shell, two very distinct ribs, thickest in the lowest whorl and becoming thinner towards the 
apex. Only in the lowest whorl a third rib appears. 

The ribs and spaces between are characteristically marked by the strialion of growth, 
which is perfectly sinuated, and in such a manner that the lower rib, with which the whorl 
begins, and the next space are striated in a contrary way to that of the next rib and the 
following space, and so on to the apex ; from this we can conclude that the emargination 
of the aperture was between the first and second ribs. 

The aperture is oblongly round. 

When we consider the measurements of the specimens, we find a spiral angle at the 
apical portion of 34°— 46°, at the apertural of 17°— 30° ; the sutural angle 100° — 108° ; the 
height of specimens from 46 — 95 mm., height of last whorl from 16 — 23 mm., and 
the proportions of these to the total length from ybb — \ the breadth (below) from 
25—35 mm. 

These measurements enable us to compare our specimens with forms already described, 
but to distinguish them also. 

From the measurements it follows that our species has much shorter whorls than all 
"those described by Zekeli, the proportion of the last whorl to the tottffi height being much 
smaller. 
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Also those specimens figured in D’Orbigny and Coquand, and those recently described 
by M. Drescher (1. c.) have higher whorls. 9 

» 

In the other dimensions our species agrees mostly with Omphalia Kefersteini, Munst. 
spec., to which also Omphalia suffarcinata, , Munst. spec., is to be placed. 

With these our species is also otherwise related ; but different by the two very well 
marked spiral ribs in each of the whorls, of which one runs on the lower part of the whorl, 
and the other in the middle of it, while in Omphalia Kefersteini , Munst. sp., still a third 
rib runs on the upper part of the whorls. 

I named the species after Captain Trotter, who has presented the specimens to our 
museum. 

As Omphalia as yet is known almost only from cretaceous, and mostly from upper 
cretaceous, we have to consider our form also as most probably of upper cretaceous age. 

Cretaceous rocks in the Himalayas are known with certainty still only from Spiti, de- 
scribed by Dr. Stoliczka as the Chikkim limestone in his paper on North-West Himalaya 
in Mem. Geolog. Surv. India, Vol. V, p. 116. But only several fragments of JRudistes and 
numerous Foraminifera were observed. 

From these fossils we had certainly to look upon the Chikkim limestone as a marine 
formation, while the beds near Namcho Lake with Omphalia were littoral or brackish. 

Some rocks of cretaceous age occur in the Kasia hills, near, but quite detached from, the 
eastern Himalaya. 

Natica species. 

From about the same locality are three other specimens of Gasteropoda ; from the 

general form one can judge with much probability that they belong to the genus Natica, 
they are however imperfect just at the aperture, and none of them shows this portion suffi- 
ciently. The specimens are of a large size and all more or less compressed, as are also 
several of the specimens of Omphalia . 

We know Natica occurs in most of the formations, and it iB therefore most probable 
that the specimens under discussion are out of the same beds as Omphalia Trotteri , Fstm., 
t. e., from upper cretaceous rocks. 

Explanation of Plate . 

Figs. 1, la, 1 b.— Omphalia Trotteri , Fstm. Specimen with unknown locality, amongst the 
collections of the Asiatic Society of Bengal. 

Figs. 2—4. The same species. Specimens sent by Captain Trotter, and collected near 

Namcho Lake, Tibet. 
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Nora on Estbbbia in the Gondwana formation , hy Ottokar Feistmawtel, M.D., 

• Geological Survey of India, 

Recently, a very interesting paper was sent to me by Prof. Geinitz (Dresden) on some 
fossil plants and animals from the Argentine Provinces — La Rioja, San Juan, and Mendoza.* 
From the total of the fossils described by Prof. Geinitz, he declares the series to be of Rhsetic 
age. This paper has induced me to examine again our Estheria-besxvng rocks, and to com- 
pare them together regarding their homotaxical position. 

1 ,— ‘Estheria in the Mdngli beds. 

In the American Rhsetic beds, M. Geinitz recognized, as very abundant and characteristic, 
an Estheria , which was first described by Mr. Rupert Jonesf from M&ngali (Mangli), Central 
India, between Nagpur and Ch&nda, about 60 miles S.-S.-E. from the former place. 

The argillaceous sandstones at Mdngli contain very few other fossils, except that Estheria 
and another of much smaller form, which is as frequent as the E . Mangalensis , but remained 
undetermined. Thus, the position of these Mangli beds has remained always somewhat un- 
certain, although Mr. Jones thought there were reasons to consider the beds as Rhsetic, 
which is most probably the case. 

From the common occurrence of this smaller form of Estheria in the Mangli beds and 
in the Panchet group, Mr. W. T. Blanford first considered the Mangli beds as belonging 
to the Panchet group ;J but in his later paper on the u Geology of Nagpur/’§ he set aside this 
evidence as insufficient, and finding no stratigraphical feature whereby to separate them, 
he left these beds in the Kamthi group, which, without any doubt, is analogous with the 
Raniganj group, forming the upper part of the Dumuda series, both having the same 
JPhyllotheca indica , Bunb. (the real leaved branchlets), Vertebraria indica , Bunb., Glos- 
sopteris communis , Fohn., etc . In a recent detailed survey of the Wardha coal-field, by Mr. 
Hughes, || the Mangli beds are still left in the Kamthi group, there being no physical grounds 
for a separation. This should only encourage us to seek help from palaeontology. 

Considering that the Damuda series, in general, contains very frequently plant fossils and 
is especially characterized by the occurrence of Glossopteris , which is till now the only 
character of it, as Schizoneura , with the same species, is also numerous in the Panchet group, 
and that not a trace of these fossils is found at M&ngli ; on the other hand, that the 
M&ngli beds contain mostly only that mentioned Estheria, which, with exception of Kawarsa, 
of which I speak further on, is nowhere found in the Damuda series, but only in younger strata, 
it will be perhaps advisable to look for another place for these M&ngli beds ; it seems to mo 
that they are to be taken at least of the age of the Panchet group, or even still younger. 

First, the plant fossils. These are very poor, and consist till now only of some stems, which 
have no relation with any of the Damuda fossils, but with younger forms : 

a. Palissya, A stem fragment figured in Sir Ch. Bun bury s Nagpur flora , 1 % PL XII, f. l f 
as “ Ehorria ? (Portion of stem of a Conifer ?)** is certainly a coniferous plant, as 
is well seen from the relation of the Bears. I have an original specimen of the 
same, and I am convinced that it belongs to the fossil Palissya and most pro- 
bably Pal. Brauni ., Endl. 

* Beitrag zur Geologic und Paleontologie dor Argentinischen Republik. 

I Palffiontologiacher Theil. II. Abtheilung: Uber RhMtische Pflanzen and Thlerresto in den Argentiusichen 
Frovinzen— Xa Rioja., San Juan, und Mendeaa. Von Dr. Hanna Bruno Geinitz- Casael 1876. 

f Jones’ Monograph of tbe fossil Esther!®, Palaontogr, Sot., 1862, p. 78. 

t Mem* 0. S., Vol. III., p. 134. 

|.MM»IX, p.32(3 ib.) 

s Ibidem XIII. 

f Quart. Journ. G. S 0 London, XVII. 
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b. " Truncus Jilicis Another stem is figured in Sir Ch. Bunbury’s paper (1. c.) PL XIT, 

# 2, and marked “ Stigmaria 1 (Portion of the Rhizome of a fern.)" # 

This M&ngli stem is certainly a fern stem, and is very similar to those M. Schenk de« 
scribed as “ Trunci filieum*' from the Rhsetic beds in Bavaria. I have an origi- 
nal specimen in our collection from Veitlahm in Bavaria, which is almost 
identical with that figured from M&ngli in Sir Ch. Banbury *b paper. 

Besides these two mentioned forms, there are only some indistinct stems known. 

Instead of an abundant flora, we find as very numerous the shells of little crustacean 
animals ; there are certainly two forms, a larger and a smaller one. 

a. Estheria Mangaliensis, Jones. — (See: J ones — Palseontograf. Soc., 1862. Mono- 

graph of fossil Estheri® — p. 78, PI. II, f. 16-23, and Geinitz 1. c. Uber 
Rhatische Pflanzen und There etc.,— PI. I, f. 1-6, p. 3). This is the larger 
form, which Mr. Jones described first from Mangli ; we have numerous pieces 
of rock from there, on which this form lies abundantly. On some specimens 
E. Mangaliensis is only represented, while on some others it is mixed with the 
other smaller form, and still, on some others, this later only is predominant. 

Jones gave several figures, which all indicate the larger form E. Mangaliensis J. As to 
the age, Mr. Jones considered these beds, for certain reasons, as Rhsetic and 
now Prof. Geinitz describes the same species from beds of the same age in 
South America. 

b. Estheria comp . minuta var Brodieana , Jones. This form was not described ; it is, 

however, as frequent as the larger one. From the size and form, and from 
the structure of the shell, they can safely be taken as very closely allied to 
Estheria minuta var. Brodieana, Jones),* which, as Mr. Jones indicated so 
distinctly and exhaustively, is characteristic of the Rh»tic beds. 

This smaller form the Mangli beds have in common with the Panchet group, and to 
judge only from the Estheria , an animal f ossil, we may consider both on the same horizon, 
to which view, in the case of M&ngli beds, there is no objection ; but as also no plant of the 
Panchet group is found in the Mangli beds, the former being closer connected with the 
Damudas by the Schizoneura , while in the M&ngli beds the plant-remains are very poor, and 
most naturally referable to Rhsetic fossils, I consider, as most probable, that the M&ngli 
beds cannot belong to the Damuda series at all, and that they are rather to be considered as 
the uppermost continuation of the Panchet group. 

Already Mr. Hislop himself has pronounced, 1864, quite distinctly that the Mangli 
beds are to be placed above the plant-bearing beds at Nagptir (Q. J. G. Soc., 1864, pp. 117 
and 282. 

The M&ngli beds have yielded also a Labyrinthodont Reptile, which is described by 
Owen as Brachyops laticeps, Ow. (Q. J. G. S., 1855, p. 37, Pl. II). But this is, of course, 
no objection to the view I suggest, as it is well known that Labyrinthodont Reptilia occur also 
in the Keuper of Europe. 

2. — Estheria in the Panchet group . 

In the Panchet group, besides pretty numerous plant fossils, an Estheria also occurs, 
which is certainly identical with the smaller form of Estheria in the M&ngli beds, mentioned 
as Esth . minuta var. Brodieana , Jon. I compared specimens from both localities, and I 
could not find any difference. 


Jones, 1. c., PI. II. 
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Amongst the other fossils two ferns especially prevail, i. e., Pecopteris concinna , Presl. 
and Cyclopt. pachyrrhachis , Gopj)., which are Rh®tic forms ; so that one might take the 
Panchet group of this age— only the occurrence of the Schizoneura Gondwanensis , Feistm. 
identical with the same iu the Ranigan j (Kamthi) group of the Damuda series, induced me 
to consider the Panchet group a little older, as representative of the upper Triassic (Keuper) 
strata in Europe. 

The reptilian remains in this group, besides the plant-remains, are also pretty frequent ; 
'and are not at all opposed to the evidence from the plant-remains ; they belong mostly 
to the Dicynodont reptiles, which first were known from South Africa, where, however, 
their age up to the present day remains undecided. 

Here, in India, however, where we know that the Panchet group overlies immediately 
the Raniganj group, which itself is lower Triassic, and underlies the Rajmehal group, 
which is, to say the least, Liassic, and where, besides the reptiles, a flora occurs, which agrees 
with a flora from defined strata, there can, I think, be little doubt about the homotaxical 
position. 

In the Panchet group, therefore, the flora is additional evidence as to the age of this 
group, and the Panchet Estheria is identical with the small form in the Mangli beds. 
It was therefore more natural when Mr. Blanford* first took the Mdngli beds as be- 
longing to the Panchet group. I must, however, state again that no other fossil of this 
group, except the small form of Estheria , is found in the M&ngli beds ; and judging from 
the absence of Schizoneura , which only induced me to class the Panchets as Keuper, my 
conjecture, that the Mangli beds are the top of the Panchet group, is perhaps not unnatural. 
There are, at least as far as I know the relations, no contradictory indications. 

3. — Estheria from Kawarsa . 

The Kawarsa beds also are in the Wardha basin, and have been mapped, like the 
Mangli beds, with the Kamthi group. The Mangli beds occur at the top of the section, at 
the northern edge of the area, immediately under the Deccan trap. Mr. Hughes estimates 
the whole thickness to the base of the* Kamthis as 700 feet. This is an extraordinarily 
small thickness for the period this series is supposed to represent, and considering that 
in a neighbouring region, below the Kota-Maleri beds, on the Godavari, there is an apparent 
accumulated thickness of 17,000 feet of these ‘ Kamthi' strata, it is certainly not too 
soon to endeavour to indicate horizons in such a mass of deposits. The Kawarsa beds 
occur near the southern margin of the basin, and Mr. Hughes speaks of them as several!* 
hundred feet from the the base of the series. They have yielded some broken plant-remains 
and Estheria. 

a.— An Equisetaceous stalk, pretty distinct; it belongs to that group of forms which 
generally are termed Phyllotheca , which, however, as I have already mentioned, belong to a 
great extent also to Schizoneura , Schimp., and the more so, as Phyllotheca in the real sense 
is not so frequent as Schizoneura , Schimp. 

— A. fragment of an oblongly lanceolate leaflet with marked ribs, which might belong 
to Schizoneura , Schimp. 

c * — Some broken specimens of Glossopteris occur very rarely in comparison with these 
so richly represented leaves at Na^piir and elsewhere in the Damudas ; and I have no doubt 
that these beds, near Kawarsa, are younger than all the real Damudas, including the Kamthi- 
Raniganj group. 


* Mem., Geol. Sur„ III, p. 134. 
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To this indication now is to be added the occurrence of Estheria , which is certainly iden- 
tical with that in the Panchet group, the state of preservation and the size and form beifig 
identical ; and is therefore to be considered as very likely Estheria minuta var. Erodieana 
Jon. 

From this occurrence of the Estheria , an animal fossil which is still ro frequent in the 
Mangli beds and in the Fanchet group, and from the scarcity of plants altogether, and from 
the state of the rock, it would, I think, follow that the locality at Kawarsa is scarcely to be 
considered as representative of any group of the real Damuda beds, the fossils of which are 
everywhere so different from those both of the Mangli apd the Kawarsa beds. 

It must thus be admitted that this blending of the fossil forms indicates transition, and 
affords some support to the continuity of the strati graphical characters in this area, whereby 
the whole has been mapped and published as a single rock-group ; an abridged representation 
of the top of the lower Gondwarra series, in which the Pancliet and upper Damuda groups 
are very closely connected. 

The possible persistence of two Estheria horizons (as is known to occur in Europe) may, 
however, be worth suggesting — an upper, with two Estheria (Mangli), and a lower, with the 
Estheria minuta (Panchet and Kawarsa). 

4 . — Estheria in the Kota beds . 

From the Kota beds on the Pranhita, near Sironcha, Mr. Jones described also a species 
of Estheria as Estheria Kotaensis , Jones.* 

The Kota locality and the neighbouring one of Maleri (Maledi) have long been famous in 
Indian geology for fish and crocodilian remains. The general relations of these deposits 
have recently been approximately fixed by the Survey. They rest upon the Kamthi beds, 
with more or less of unconformity, at the south end of the Wardha coal-field; extend thence 
down the valley of the Pranhita to Sironcha, on the Godavari, where they again overlie an 
immense thickness of rocks of Kamthi aspect. But for the prevalence of red and green clnys j 
and the frequent occurrence of a limestone, they are not themselves strikingly different in 
mineral character from the Kamthi type ; which again, as has been often remarked, has many 
resemblances to that of the original Panchet group of Bengal. On this account, and from 
the decidedly Keuperic affinities of the majority of the vertebrate fossils of Maldri, the beds 
here have been hitherto regarded by the Survey as probably on the Panchet horizon ; the 
Kota limestone, from its fish-remains, being taken as Liassic and thus presumably younger. 
Mr. Hughes has shown that the beds of both localities are on the same horizon, and the for- 
mation is now known as the Kota-Mal6ri group. t 

Amongst the numerous additions to our collections of vertebrate fossils from these 
beds, made by Messrs. King and Hughes, there were a very few plant-remains, of which 
1 have determined two from Maleri as common species of the Kach- Jabalpur horizon, 
and one, from a bed underlying the Kota limestone, as a familiar species of the Bajmahal 
group. It may not be established that the circumstances of position indicate a permanent 
distinction of these two groups in this region, as I have already shown that in their 
typical areas they have some forms in common. But at all events, these plant fossils go far 
to establish Ihe position of the Kota-Maldri beds in our Indian series, — that they are not 
Panchet, but Upper Gondwana, on or above the horizon of the Bajmahal group. 

This oonnection of the Bajmahal group with the Kota*Maleri beds is significant, so 
far as the strongly Bhsetic affinities of the vertebrate fossils confirm my determination 


# Monograf of Esther, 1. a, p. 81, FI. II, f. 24-25. 
t See Hughes, Mem., Geol. Survey. Vol. XU 1. p. 81. 
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of the Rajmahal flora as at least lower Liassic. The Estheria may perhaps be taken as an 
indication in the same direction. This Bstheria Kotaensis may now also be taken as an 
Upper Gondwana form. ( 

As the Estheria has hithero been neglected in India in the discrimination of horizons’ 
I would add some illustrations of the service it has rendered elsewhere. 

Estheria minuta , Jones, is a splendidly guiding fossil of the whole Keuperic strata 
in Europe. A variety of this species — Esth. minuta, var. Brodieana , J. — is characteristic 
of the Rhsetic strata. The well-known Prof. Romer, only with the assistance of Estheria 
minuta, var. Brodieana , Jon., decided that certain rocks in Upper Silesia belong to the 
Rhsetic group. He says in his valuable work, “ Geologic von Oberschles,” on p. 175, 
discussing the fossils of certain series, which he calls “ Hellwalder Estherien Schichten, *’ 
as follows (1 give the translation): — “Except Estheria minuta, Jones, no organisms were 
observed in that series. But also by itself the little crustacean is of great importance for 
the determination of the age of this formation. Estheria minuta, J., is a very common 
fossil in the Keuper. A variety, Esth . minuta, var. Brodieana , J., which is marked by a 
smaller size and a finer reticulation in the sculpture of the shell, is according to Jones* 
explanation characteristic of the Rhsetic strata. The Upper-Silesian form agrees very well 
with the figures of this variety.'* And from this and from some other characteristics, Prof. 
Romer draws the correct conclusion that those beds in Upper Silesia alluded to are of 
Rhsetic age. 

Our Estheria of the smaller size does not differ much from that Silesian one. Thus, 
two species are characteristic of certain series ; and there are more of them. 

Now Prof. Geinitz describes Estheria Mangaliensis, Jones, again from Rhsetic strata, 
in South America. Prof. Rupert Jones has certainly not in vain devoted a monograph to 
the fossil Estheria . 

Notices op new and other Vertebbata from Indian Tertiary and Secondary 
Rocks, by R. Lydekkeb, B. A., Geological Survey of India . 

The present paper contains short notices of several species of Vertebrata from the 
Tertiaries and Secondaries of India, which are either new to science, or of which some new 
point in the osteology or distribution is now for the first time noticed ; the new species will be 
subsequently figured and described in the “ Palseontologia Indica,” although some of these 
descriptions will not appear for a considerable period. 

Bos ACUTIFRON8, n. sp., nobis. 

This species is founded upon a cranium from the Siwaliks ; it may be defined from 
the characters of the cranium as follows : — 

Frontals convex, longer than broad, horn-cores placed immediately above occiput, com- 
pressed, convex superiorly, extending at first upwards and outwards, with a slightly inward 
curve at their tips ; centra of forehead more prominent than bases of born-cores ; span of 
horn-cores when complete nearly nine feet ; occipital crest narrow, rounded, and extending 
upwards almost to the intercom ual ridge. 

Bos PLANIFRONS, n. sp. 

This species also is known by a single cranium from the Siwaliks, of smaller size than 
the lust ; it may be defined as follows : — “ 

Frontals nearly flat, longer than broad, horn-cores placed above occiput, slightly com- 
pressed, convex superiorly directed outwards, slightly upwards, and at the tips inwards ; 
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centre of forehead not in advance of bases of horn-cores ; the latter shorter than in lgst 
species ; occipital crest broad and narrowed, and separat|d by a considerable interval from 
the intercornual ridge. 


Bubaltjs platycebos, n. sp., nobis. 

Frontals nearly flat, rounded superiorly, horn-cores triangular, placed in advance of the 
plane of the occiput, superior border concave, directed upwards and outwards, tapering 
rapidly, widely separated at their bases ; exterior face continuous with the plane of the 
frontals ; occipital crest broad and rounded, entirely distinct from the intercornual ridge 
This species is also from the Siwaliks. 


Stegodon gahesa, F. & C. 

A tusk of this species from Biltari in the Nerbudda valley has been for a long period 
in the Indian Museum, though the species has never been described from the Nerbudda 
deposits ; it comprehends the greater portion of the middle part, and is from the left side ; 
it is characterized by being laterally compressed, and by the extremity curving upwards and 
inwards ; in the above points, and in its size, it exactly corresponds with the tusk of Colonel 
Baker’s cranium of S. ganesa. The dimensions are as follows : — 


Length of fragment along concave upper border 
Length of chord of arc 
Vertical diameter near proximal extremity 
Transverse ditto ditto 

Vertical diameter at distant extremity 
Transverse ditto ditto 


Feet. Inches. 
... 0 7 

... 6 1 

... 0 8'5 

... 0 7*3 

... 0 6*7 

... 0 4*7 


The base of the tusk is absent, and must have been of considerably larger diameter 
than our fragment, perhaps as large as that of the tusk of Colonel Baker’s specimen of this 
species, which has a vertical diameter of nearly ten inches. The tusks of 8. in&ignis are 
never more than three or four inches in diameter, while those Elephas namadims are usually 
of about that size, but are occasionally larger. The largest known cranium of the latter 
species is in the Indian Museum ; it is described by Dr. Falconer in the Catalogue of the 
Asiatic Society’s Collection, p. 235. The largest diameter of the incisive Bheath of that 
specimen is 6*6 inches ; this being the transverse diameter, the vertical diameter is somewhat 
smaller. The shape of the incisive sheath, as well as its small size, shews that the tusk in 
question could not have belonged to Elephas namadicus , since the above-mentioned cranium, 
of the latter species, in the Indian Museum, belonged to an unusually large individual. The 
cranium to which the tusk under discussion belonged must have had an incisive alveolus, 
of which the vertical diameter was at least nine and a half inches. The exact agreement, both 
in form and size, of our specimen with the left tusk of Colonel Baker’s gigantic cranium of 
Stegodon ganesa , now in the British Museum, is of itself amply sufficient to prove that our 
Nerbudda specimen belonged to that species. We have no complete tusks of Elephas 
namadicus in the Indian Museum, but such fragments as we possess indicate that these 
tusks were nearly straight and cylindrical, and therefore quite unlike the present specimen. 
The large size of our specimen sufficiently distinguishes it from Stegodon insignis. 


The range in time of Stegodon ganesa must now be made equivalent to that of the 
allied Stegodon insignis , which lived down to the Nerbudda period, and must have been 
a contemporary of the early human inhabitants of India. 


Sivalhipptjs Thbobaldi, n. gen., nobis. 

This genus is formed upon the evidence of a portion of the left maxilla with teeth of 
an aberrant horse lately sent down by Mr. Theobald from the Siwaliks of Keypar in the 
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Punjab. The specimen contains the four anterior teeth of the molar series, which have 
only just come into wear; only a short notice is here given of these teeth, as they .will 
subsequently be figured and fully described. 

The first premolar is very small ; it is inserted by a single fang ; the three succeeding teeth 
are inserted by distinct fangs, and their crowns are consequently extremely short; their 
grinding Surfaces are oblong, their antero-posterior diameter being the longer of the two ; 
the second tooth is elongated. The larger teeth consist of six lobes, of which the outer and 
middle pairs are the larger, the latter pair being concave externally ; the antero-internal lobe 
is placed between the two median lobes, and is entirely unconnected with them ; the postero- 
internal lobe is connected by a narrow bridge with the postero* median lobe ; the medial 
enamel infolds are deeply crenulated, and all the hollows are filled with cement; the length 
of the three large teeth is 3*05 inches ; the length of the penultimate tooth is 1*25 inches, 
and its breadth 0*9 inch. 

The teeth approach nearest to those of Hippotherium , but are distinguished among 
other characters by their elongated crowns, and by being inserted by distinct fangs as soon as 
they are protruded ; in the latter character they agree with the American Protohippus and 
Merychippus, but are distinguished by having the antero-internal column detached from the 
antero-median column. 

The completeness of the median columns distinguishes these teeth from those of Anchi - 
therium and its kindred. 

The geueric name is derived from the name of the beds in which the specimen was 
found, and the specific name is given after Mr. Theobald, the discoverer of this and so many 
other Siwalik fossils. 

An examination of the remains of Siwalik Equidce in the Indian Museum has convinced 
me that, besides the above new genus, there are two species of true Equus from these depo- 
sits,— namely, E. sivalensis , and a new species ; and that there are also two species of Hippo - 
therium , — namely, H. antilopinum , and a larger new species. Two detached middle molars of 
the latter species are figured by H. von Meyer in the fifteenth volume of the German Palseonto- 
graphica, under the name of Equus primigenius (= Hippotherium gracile) ; a more com- 
plete series of the dentition of this species enables me to state that it is certainly distinct 
from the European species, which must consequently be expunged from the list* of Indian 
fossils. A memoir on the dentition of all the Indian fossil Equida, in which the new 
species will receive names, will subsequently appear. 

ICTITHEBIUM SlVALENSB, n. sp., nobis. 

The above genus of Yiverroid carnivores was first made known to science by 
M. Gaudry, who determined two species from the upper miocene of Attica ; two fragments 
of the mandible of a Yiverroid carnivore, lately sent down by Mr. Theobald from the 
Siwaliks of the Panjab, appear to agree very closely with the lower jaw of the European 
I robustum , and I have accordingly referred them to that genus with the specific name of 
siva tense. 

The two fragments are respectively from the right and left sides, and probably belonged 
to the individual ; the larger of the two comprehends the hinder half of the left 
ramus, lacking the condyle and the coronoid atfd angular processes ; it shews the sectorial 
molar, the socket of the second molar, and the greater part of the ultimate premolar ; the 
smaller fragment comprises a portion of the middle of the right ramus shewing the two 
last premolars. 
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The jaw is arcuated on the inferior border, and is of great depth ; the sectorial molar 
has two outer lobes,— an accessory lobe on the inner side of the second of these lobes, and* a 
talon ; the premolars have the same general form as in Ictitkerium ; the crown of the last 
molar is not shewn. The length of the sectorial molar is 0*7 inch, of the last premolar 0*57 ; 
the d#J>th of the jaw is 0*97 inch ; the specilic differences between this species and L robus - 
turn will be subsequently pointed out. 

The lower jaw of this genus is distinguished from that of Hyaena by the presence of 
two molars ; from Qulo and Putorius by the presence of the inner lobe on the sectorial > 
the dental formula of Ictitkerium is the same as in Maries and Vivena , but the jaws of 
the two latter genera are much more slender, and the form of the teeth is also somewhat 
different. 

Dinothebium *nd Antolethebium. 

Among a collection of specimens lately received in the Indian Museum from the Asiatic 
Society, the original lower jaw, from a drawing of which Dr. Falconer founded the genus 
Antoletherium , has been discovered. Dr. Falconer’ s notes on the drawing will be found in the 
“ Paleontological Memoirs” (vol. I, p. 416), where a copy of Colonel Baker’s drawing is also 
given (PI. 34). This drawing, however, is incorrect; the centre tooth (B) should have three 
in place of two transverse ridges, while the tooth on the right (C) should have but one ridge. 
From a note on page 417 of the Palaeontological Memoirs it seems that Dr. Falconer subse- 
quently received a correct sketch. 

In the same collection, I have also found a portion of a lower jaw with two slightly 
worn molars from the Siwaliks, which undoubtedly belongs to Dinotherium, but which is 
remarkable for having an incomplete longitudinal ridge between the transverse ridges of the 
molars, which when worn down would resemble the pattern of the molars of the so-called 
Antoletherium ; a smaller and less complete ridge is found in tho lower molars of Dino- 
therium giganteum. No other animal but Dinotherium has a single tliree-ridged tooth 
between two-ridged teeth, as occurs in the so-called Antoletherium . 

I think that there can be no doubt hut that the lower jaw, to which the name of 
Antoletherium has been applied, really belongs to Dinotherium , and that the former namo 
must he abolished. The central tooth (1st molar) of the Attock jaw agrees precisely in size 
with the first upper molar of a Dinotherium from the same locality noticed by Falconer, on 
page 414 of the first volume of the “ Palaeontological Memoirs,” and which I have figured as 
D. 'pentapotamice in a forthcoming number of the “ Palaeontologia Indica:” the two doubtless 
belong to the same species. The jaw in question affords additional proof of the specific 
distinctness of the Punjab Dinotherium ; both of the re-discovered specimens will be subse- 
quently figured in the “ Palaeontologia Indica.” 

Hyjena-Bctos Sivalensis, Falc. and Cant. 

Mr. Theobald has lately sent down a nearly perfect mandible of this species, which is 
exceedingly important, as it shews that, from the incompleteness of his specimen, Professor 
Owen was led astray in assigning the teeth to their proper position in the series. The new 
specimen shews the three true molars, and the sockets of the premolars ; the last molar has 
a circular crown, and is not shewn in the specimen figured by Professor Owen in his Odonto- 
graphy (PI. 131). From the absence of this tooth, Professor Owen considered the second 
molar as the last of the series, the carnassial as the second molar, and the last premolar as 
the carnassial {Odontography , p. 504). The new specimen shews that tho carnassial is 
much larger than any of the other teeth, add that the form of the last molar agrees more 
nearly with the same tooth in tho true Bears than was the case according to Professor 
Owen’s interpretation of the homologies of the teeth. A figure of the new specimen will 
appear in the “ Palaeontologia Indica.” 
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Mebycopotamus dissimihs, Falc. and Cant. 

Since publishing my notes oq the Osteology of this genus, in the last volume of *the 
4t Records” (p. 144), I have had an opportunity of comparing the axis vertebra and the 
astragalus of Merycopotamus with the corresponding bones of Syopotamus bovinus from 
the upper eocene of Bracklesham, and find that these bones of the two genera are so close 
in form as to be almost undistinguishable one from the other, and were it not for the 
evidence of the skull and teeth, they would at once be referred to the same genus. I give 
here the dimensions of the axis and astragalus of Syopotamus , which may be compared 
with those of the same bones of Merycopotamus given on pages 151 and 152 of the last 
volume of the “ Records — 


Axis Vertebra . 


Length of centrum 


Inches. 
... 2*9 

Width of posterior surface of ditto 

... 

... 1*2 

Depth of ditto 

... 

... 9*5 

Width across anterior articular facet 

... • 

... 20 

Length of odontoid process 

... 

... 6*8 

Width of ditto 


... 6*9 

Astragalus. 

Extreme length 


... 2*3 

Width across tibial trochlea 


... 1*1 

Ditto distal oxtremity 

... 

... 1*3 

Width of cuboidal articular facet ... ... 

... 

... 0*61 

Ditto navicular ditto 

... 

... 0*66 

Length of calcaneal trochlea 

... 

... 1*3 

Width of ditto ... 

... 

... 0*7 


I have not had an opportunity of comparing any other of the limb boneB of JTyopota - 
tnus with those of Merycopotamus , but the figures of the bones of the foot of the former 
genus seem to be very like the corresponding bones of Merycopotamus . 

The above resemblances serve to shew that Merycopotamus must be a survivor of a 
very ancient type of structure ; and also shew that the genus has affinities on the one hand 
as shewn by teeth and limb bones with the Hyopotamidoe , and on the other, as shewn by 
its skull and lower jaw, with the Hippopotamidce . 

Pababuchian Cbocodile. 

Mr. Hughes has lately sent in a specimen of a scute of a Crocodilian from the Ddnwa 
group of the Mahadeva series, collected by him on the banks of the Dcnwa river. The 
specimen is of importance, as hitherto no fossils have been obtained from these beds. I 
hope on a subsequent occasion to give a figure of this scute, and therefore at present shall 
only roughly describe it. The specimen is of large size, being at the centre more than an 
inch in thickness ; it seems to have belonged to the dorsal series of scutes, and is from the 
right side; it is fractured through its centre, the longitudinal ridge being broken away ; 
externally, it is convex from side to side j the inner border presents a flat surface for sutural 
union with its fellow of the opposite side ; the posterior border is bevelled away inferiorly 
and overlapped the anterior border of the succeeding scute ; a great part of the anterior 
moiety has been broken away. Tha upper surface is deeply pitted, and the peripheral pits are 
expanded into elongated grooves presenting a radiating arrangement. The specimen when 
complete was probably as large as broad, and indicated an animal of gigantic dimensions; 
the length of the one complete (inner) border is 6'1 inches. The above-mentioned characters 
shew that the specimen belonged to the Amphiccelian Orocodilia so characteristic of the 
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mesozoio period. (See Huxley, Q. J. G. S. f Vol. XV, p. 446.) At the anterior bojder 
of the specimen there is a smooth hollow on the inferior surface, which may possibly have 
received the extremity of a long peg from the anterior scute, A similar arrangement occurs 
in the scutes of Qoniopholis crassideus of the English Purbeck ; but. in that genus the 
peripheral pits are not elongated as in our specimen, and have consequently no radiate 
arrangement. 

The form of the pits and the articulations of the two remaining lateral surfaces agree 
very closely with those of the dorsal scutes of Belodon from the upper Kcuper and Rlisetio 
of Wiirtemburg,* and the arrangement of the pitting also agrees very closely with that 
which covers the scutes of the allied Indian genus Parasuchus , from the Kota-Maldri beds. 
The present specimen is, however, of very much larger size than any specimens of the scutes 
of that genus from those beds, although we have vertebra in the Indian Museum from those 
same beds which belonged to an individual which might not have been very much smaller 
than that to which the Denw& scute belonged. I think we may safely say that the above 
scute belonged to the group of Crocodilia Parasuchia, and very probably to the genus 
Parasuchus, but that the species was probably distinct from the Kota-Maldri species. 

We have, in the Indian Museum, from a third distinct locality, an amphicjelous ver- 
tebra of a crocodile from the Chari beds of Kach, which is considerably like those from the 
Kota-Maldri beds. 

This vertebra has an elongated and laterally compressed centrum, somewhat expanded 
at the ends ; the articular surfaces are vertically elliptical and hollowed ; there are large 
transverse processes, and a well-developed neural spine ; the zygapophyses are concealed by 
matrix. The neurocentral suture is clearly marked and is placed considerably below the 
transverse process, the latter consequently rising entirely from the arch ; this shews that the 
vertebra belonged to the posterior dorsal series, the rib not articulating with the centrum. 
The vertebra could only belong to the Crocodilia Amphiccdia or the Plesiosauria ; the dorsal 
vertebrae of the latter order are, however, cylindrical and generally shorter than the present 
specimen, the proportion of the long diameter to the transverse diameter being in the 
Macrospondylian Plesiosauri never more than in the proportion of 10 to 8, while in the 
present specimen these two diameters are in the proportion of more than 2 to 1. A similar 
proportion prevails in the vertebrae of many of the Amphicaelian crocodiles, to which group 
our specimen must belong. The dimensions of the specimen are — 

Inches. 

Length ... ... ... ... .. ... ... 3*1 

Breadth of centrum (transverse) ... ... ... ... ... 1*4 

Height of centrum ... ... ... ... ... ... 1'65 

The specimen has already been referred to by Dr. Feistmantelf as belonging to the genus 

Parasuchus . I am not, however, quite sure whether this is the case, but I think it is 
almost certain that the vertebra in question belonged to the Crocodilia Parasuchia and 
quite possibly to Parasuchus ; it will require the discovery of scutes in the Chari beds 
to be quite sure as to the generic position of the vertebra. 

If the specimen belongs to Parasuchus , it tends somewhat to approximate the horizons 
of the Chari and Kota-Maldri beds ; the former beds have been considered as the equivalents 
of the Oxfordian and Callovian of Europe; but Dr. Eeistmantel has indicated the existence of 
Liassic forms in these beds, which tend to place them on a somewhat lower horizon than the 

* Von Meyer Palaontographica , Vol. VII, PI. 43. 
f Rec. Geol. Surv., India. Vol. IX, p. 16. 
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Oxfordian. In any case, however, the Chari beds must be ^considered newer than the Trias 
anct the Rhsetic, and the occurrence # of a (probably) Parasuchian Crocodile in these beds 
somewhat does away with the value of that group as characteristic of the Trias or Bhsetic. 

I may here mention that the occurrence of the remains of a fresh-water Crocodile in 
the marine Chari group is paralleled by the occurrence of the estuarine Teltosauri in the 
marine Lias of Wliifcbj r ; its presence serves to indicate that the Chari beds were deposited in 
a sea not far removed from the estuary of some large river. 

Having now defined the affinities of our Denwa scute, and noticed the position of other 
alKed forms in the Indian rock-series, we may turn our attention to consider whether it 
affords us any assistance in fixing the homotaxis of the rocks in which it occurs, during 
which we shall be led also to consider the age of the Kota-Maldri beds. From the great simi- 
larity of structure between the Denwa scute and the scutes of Parasuehus from the Kota- 
Maldri group, with the scutes of the European genus Belodon , I am inclined to think that 
the horizons in which these three forms occur cannot be very far removed in time ; and, 
therefore, that the period of deposition of the two Indian groups must be somewhere near 
that of the upper Trias or Rhsetic of Europe in which Belodon occurs. 

We may here consider somewhat more closely the range in time of the vertebrates 
of the Kota-Maldri group ; firstly, we find that the group of Crocodilia Amphiecelia , which 
embraces the minor division of the Parasuchia, ranges in Europe from the upper Trias to the 
Chalk, and is therefore characteristic of the greater part of the Mesozoic period ; the smaller 
divisions of Parasuchia, which in Europe includes the two genera Belodon and Stagonolepis 
according to Professor Huxley,* is in that region confined to the Trias. Dr. Feistmantel, 
however, tells me that some of the beds in which Belodon occurs are now classed as Bhsetic. 

In addition to Parasuchus , the Kota-Maldri beds have also yielded remains of Hyper - 
odapedon , which seems probably to belong to the Rhynocephala, and which in Europe is 
confined to the Triassic period. From the same deposits we also have three genera of fish — 
Ceratodus , Lepidotus, and JEckmodut ; the first of these three is represented by the 
greatest number of species in the Trias of Europe, and is not known before that period ; it 
is, however, found again in the Oolites of Stonesfield, and a solitary surviving species still 
lingers on in some of the rivors of Queensland. The genus Lepidotus in Europe ranges 
from the Lias to the lower Chalk, but is most common in the former period ; the species 
described by Sir Phillip Egerton from the Kota beds of Hyderabad in the Journal of the 
Geological Society for 1851 is said to be most nearly allied to the oldest English forms; the 
genus undoubtedly belongs to a primitive tj r pe of fish ; the genus JEchmodus in Europe is 
exclusively Liassic. 

The following table represents the distribution of the above-mentioned genera 





Europe. 




India. 













Trias. 

Rheet. Lias. 

Oolite. 

Cret. 

Kota. 

Denwa. 

Chari. 


r Belodon 

x 

x 

... 
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ParaBuehus ... 
^Stagonolepis 

... X 



... 


X 

X 

x ? 

Rhynocbphala 

ITyperodapcdon 

... X 

... ... 

... 

... 

X 

... 

... 

I 

f Ceratodus ... 

V ... X 

... 

X 

(living) 

X 

... 

... 

Pxscvs ... ...< 

! Lepidotus ... 



... * X 

X 

X 

X 

... 

... 

( 

it 

1 JEch modus ... 



... X 

... 


X 

... 

... 


Quar. Jour. Geol. Soc., 1875, p. 49 . 



PA.RT 1.] Ljfdekier: Vertelrala from Tertiaries and Secondaries of India . 37 

The above table indicates a somewhat long period of time to which to refer the Kota- 
Maldri and Denwa beds; but I think we are justified in saying that they are not homottoxi- 
cally older than the upper Trias or newer than the lower or middle Lias of Europe, and that 
they might, with affair show of probability, be referred to the Rhsetic period, or somewhere 
very close to that period. 

The whole of the vertebrates from the Denwa and Kota-Maldri groups, as well as those 
from the older Panchet group, were inhabitants either of fresh water or of the land, and 
therefore indicate either a fluviatile or sub-aerial origin for the groups of rocks iu which 
their remains are embedded. 

The following remarks as to how the above determination agrees with the assigned posi- 
tion of the Denwa and Kota-Mal^ri beds have been kindly added by Mr. Medlicott: — 

The Denwa fossil is a very timely find ; — directly, as the first fossil from an immense 
thickness of strata; and indirectly, because, so far as it is identifiable with others from outly- 
ing localities, it supplies the all-important test of strati graphical position, occurring as it 
does in the fullest continuous section of the Gondwana deposits. In this way it already 
furnishes a confirmation of the horizon, as very recently determined by Dr. Feistmantel, for 
the Kota-Mal<$ri beds, and also for his judgment upon the relations of the Jabalpur and 
Raj in ah al groups. 

From a fair amount of evidence, Dr. Feistmantel has insisted on the close correspondence 
between the flora of the Umia zone (the top of the Jurassic series of Kach) and that of the 
J abalpur group (the top of the Gondwana series in Central India), both having a strong 
Bathonien facies. The Rajmahal group he placed lower, the flora having Liassic affinities. 
The Kota-Maleri beds have hitherto been taken to be on the Panchet horizon, and therefore 
lower Gondwana. A few plant fossils were lately found in those localities ; those from the 
hone beds were Jabalpur species; and in the underlying beds a Rajmahal plant occurred. 
The stratigraphical separation not being very decided, the group may be taken as represent- 
ing the Rajmahal and an overlying zone. From Mr. Lydekker’s estimate it would seem that 
the vertebrate remains are of a somewhat older type than that of the flora. 

In the continuous section of the Satpura basin, the Denwa beds occupy an upper-middle 
position in the great thickness of the upper Gondwana strata, hitherto vaguely spoken of as 
the Mahadeva series,* between the Jabalpur group and the Bijori beds, which have been suffi- 
ciently identified with the Kamthi-Raniganj horizon of the lower Gondwanas in other areas. 
Several hundred feet of strata, known as the Bagra beds, occur between the Denwa and the 
Jabalpur beds ; and below the Denwa group occurs the great Pachmari sandstone, the base 
of which has been conjectured as the probable horizon of the Panchets. In this standard 
section, then, the Denwa fossil confirms in a very satisfactory manner the position indepen- 
dently assigned from the flora for the Kota-Mal<£ri group. If we could venture to press 
closely such slight evidence, we might conjecture that the Rajmahal group will have to take 
its equivalent out of the great Pachmari sandstone. 

In his independent classification from examination in the field, Mr. Hughes places the 
Kota-Maldri beds low in the upper Gondwana series ; well below the Balanpur coal, which 
very closely represents the coal in the Jabalpur group of the Satpura region. 

If the fossil which Mr. Lydekker doubtfully identifies as Parasuchian from Kach should 
prove to be such, and thus a connecting link with the Kota-Maleri and Denwa horizon, we 
should have made an important step in extending the parallel between tbe marine Jurassic 
series of Kach and the Gondwana series; for that fossil also occurs well below the Umia- 
J abalpur horizon, in the Chari on the Katrol group of Dr. Stoliczka’s classification. 


* Mem. Geol. Survey, Vol. X. 
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Titanosaubus Indicus, n. gen. nobis. 

« , 

I have formed the above new genus of Dinosauria* upon the evidence of a large femur, 

and two large posterior caudal vertebra, which are in the Indian Museum, and which were 
obtained from the Lameta group of rocks. The femur was collected by Mr. Medlicott in 
the year 1871 from the Lametas of Jabalpur ; the vertebra were also obtained from Jabalpur, 
and are shortly described in Falconer's “ Palaeontological Memoirs” (vol. 1, p. 418); the 
larger of the two is figured on a small scale in Plate 34 of the same work. No reference was, 
however, made to their affinities or even as to their position in the vertebral series. 

I will first extract Dr. Falconer's description of these vertebra, then compare them with 
the vertebra of the other Dinosauria to which they are allied, and finally describe Mr. 
Medlicott 's specimen of the femur. Dr. Falconer states: “The larger vertebra consists of a 
compressed body, very considerably compressed sideways, and contracted in diameter between 
the articular surfaces, both in the vertical and transverse direction. The anterior articulation 
is elliptical vertically in its outline, and the cup as deep as in the Crocodilia ; the posterior 
articulating surface is of a corresponding reversed form, i. e ., very convex, flattened laterally, 
the greatest convexity being towards the middle or axis. The inferior surface of the body 
at either end bears immediately behind the rim of the cup in front, and in front of the ball 
behind a pair of surfaces for the articulation of a chevron bone, i. e«, each chevron has been 
articulated to two adjoining vertebrae. 

“ The spinous process, which is broken off (near the summit), is flattened and of con- 
siderable size near the base ; it is given off from the body backwards at an angle of about 
45°. Between it and the body there is a semicircular niche about 1*2 inches deep. From 
the anterior part or base of the spinouB process two articular apophyses are given up, nearly 
horizontally, or inclined upwards at a small angle ; and diverge, but the divergence is small. 
The articular surfaces are on the axial side. 

“ It would appear that the next anterior vertebra passed its spinous process between 
these articular surfaces ; but no marks of such articulatiou are seen in the spinous process of 
the vertebrae. 


Dimensions. 


Extreme length of body ... ... ... 

Height in middle to hollow between spin one and articulating apophyses 
Height of anterior concave end ... 

Width of ditto 


Length of body from rim to baBe of ball 
Height of base of ball behind 
Transverse diameter of ditto 
Height of body where constricted behind 
Greatest constriction of ditto ... 

Length of articular process 
Ditto from base of spinous process to top of ditto 
Length of lamina, right side 
Vertical diameter of spinous process ... 

Transverse diameter of ditto 


Inches. 
... 6*4 
... 4*9 
... 3*4 
... 2*4 
... 41 
... 3*4 
... 2*3 
... 2*8 
... 1*3 
... 2'2 
... 4*0 
... 1*8 
... 1*9 
... 0*8 


“ Vertebral canal small and constricted, not a trace of a suture remaining. 

“ The other vertebra (unfigured) is shorter and less perfect. The spinous process is 
broken off at the base, and tbe articular processes, if any, are gone. The body is shorter 
and less constricted ; there are tbe same ball and socket ends, hut they are not so deep ; 
there are also the two surfaces for chevron bones.” 


* The term Dino$auHa is here used in a general sense, as comprehending both the Omithoioelida and the 
SautototUda of Professor Huxley, 
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To the above description I would add that there are no transverse processes ; that the 
neural arch is anchylosed to the anterior half of the upper borders of the centrum, the pos- 
terior half of the latter being free ; that a longitudinal furrow traverses the hsemal aspect 
of the centrum ; and that the prezygapophyses are cylindriforin and project far forwards. 

We will now inquire to what animal the vertebrae are likely to belong. Firstly, from the 
presence of surfaces for the attachment of chevron bones, from the small size of the neural 
canal, and from the absepce of posterior zygapophyses, it is quite clear that the vertebrae 
belong to the caudal region ; and secondly, from the absence of transverse processes, and 
from the comparatively small size of the neural spine and prezygapophyses, it is clear that 
they belong to the posterior half of the caudal region. 

The only mammalia of large size which have chevron bones attached to the caudal 
vertebrae are the 1 Edentata and the Cetacea ; in the former order all the caudal vertebrae have 
transverse processes, and the centrum is short and cylindrical ; in the latter the centrum is 
still shorter and more discoidal. It is therefore clear, independent of their geological position, 
that the bones do not belong to the mammalia. 

Turning now to the reptiles, we find that in the Crocodilic and the Lacertilia the 
posterior caudal vertebras, though procoolous, have a persistent neuro-central suture ; the 
neural arch extends as far back as the centrum ; there are both pre- and post-zygapophyses ; 
there is generally a transverse process, and the chevron bones articulate with only one 
vertebra ; — so that each vertebra has only one pair of facets on its hinder border for their 
articulation. Orders of reptiles such as the Ichthyosauria, Plesiosauria , Cheloma , Dicyno - 
dontia , etc., have vertebrae of totally different types, and require no comparison with our 
specimens. 

If, however, we turn to the order Dinosauria , we find that here we do meet with vertebrae 
which agree very closely with our present specimens ; if we compare the figure of a posterior* 
caudal vertebra of Pelorosaurus , figured on Plate 26 of the Philosophical Transactions for 
1850, with Dr. Falconer's figure of the Jabalpur vertebra (the two figures being taken from 
opposite sides of the bones), we shall find a very great resemblance in many points of essen- 
tial structure. Firstly, both vertebrae agree in being elongated, in the absence of any trans- 
verse process, in having a neural arch of considerable height, in carrying prezygapophyses, 
but no post-zygapophyses; in the former, being cylindriform and projecting in front of the 
centrum, and in having a small neural canal ; moreover, in both, the neuro-central suture is 
completely obliterated, while the neural arch does not extend backwards beyond the middle 
of the centrum, the posterior half of the latter being quite free ; both vertebrae likewise have 
the inferior border of the centrum arched. 

Having now considered the points of resemblance, we must point out the differences 
between our Jabalpur vertebrae and those of Pelorosaurus . Tho most striking difference is 
that our vertebra) are markedly concave anteriorly and convex posteriorly, whereas those of 
Pelorosaurus are slightly concave anteriorly and nearly flat posteriorly ; the latter are also 
approximately cylindrical, and carry facets for the chevron bones only on the hinder ex- 
tremity. The caudal vertebrae of Iguanodon (Owen, Brit., Craet. Bep., PI. 37) resemble 
our specimens in carrying two pairs of facets for the chevrons ; they differ, however, by being 
thicker, nearly cylindrical, and by the greater length of the neural arch in proportion to the 
length of the centrum. The caudal vertebrae of Cetiosaurus , figured by Professor Philips 
in his Geology of Oxford, are very like those of Pelorosaurus ; but the pre-zygapophyses are 
not cylindrical and do not project so far forward as in Pelorosaurus . The caudal vertebra) 

* This specimen is called by Dr. Mantel '■ median caudal; it is, as stated in l'hillpj’ Geology of Oxford (p. 266) 
really a posterior caudal. 
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of Hylaosaurus also resemble our Indian specimens in having two pairs of facets for the 
chevron bones, and in having a longitudinal furrow on the neural aspect of the centrum ; 
their articular surfaces are, however /nearly flat, and their centra sub-cylindrical. 

The above comparisons, I think, prove quite clearly that our Jabalpur vertebrse belonged 
to a Dinosaur, closely allied to Pelorosaurus of the English Wealden, and to Cetiosaurus of 
the Bath oolite, and also presenting points of affinities to Hylmsaurus and Iguanodon of the 
Wealden. The Indian Dinosaur, however, differed from all the above genera in having the 
caudal vertebrse distinctly “ procselous" and laterally compressed.* From the large size of 
the vertebrae, I propose for the new genus the name of Titanosaurus with the specific name 
of Indicus. The length of the posterior caudal vertebrae of Cetiosaurus varies from five and 
a half to six and a half inches, so that our Indian species must have been nearly as large as 
the English giant. The forms of the articular surfaces of the vertebrse are quite sufficient 
to distinguish the Indian genus from all other genera of Dinosaurs. 

Turning now to the femur, we find that this bone is embedded in matrix, and only 
shews its anterior aspect ; both the condyles and the head have been broken away, so that 
we are unable to estimate either the full length or breadth of the complete bone ; our speci- 
men -is from the left side, and agrees precisely in form with the larger femur of Cetiosaurus 
figured in diagram 108 of Professor Philips’ Geology of Oxford ; like that specimen, tho 
anterior surface of our specimen is nearly flat, the inner border markedly concave, with a 
slight swelling two-thirds up from the distal end, which represents the third trochanter, and 
with the outer border less concave. The length of the fragment remaining is 46 inches, the 
breadth taken obliquely at the upper end 13 inches, the breadth of the narrowest part 
8’3 inches, and of the broken distal end 11*6 inches. The specimen must have been at least 
55 inches in length when perfect ; the largest femur of Cetiosaurus known is 64 inches in 
length. The femur of Pelorosaurus is like that of Cetiosaurus , but smaller; that of 
Iguanodon is distinguished by possessing a third trochanter ; the femur of Hylaosaurus is, 
I believe, not known. The size of the femur, therefore, shews an animal somewhat smaller 
than the largest individuals of Cetiosaurus , which Professor Philips estimates to have 
attained a length of sixty or seventy feet. 

Both the vertebra and the femur having been found in the same locality, and from the 
same formation — both belonging to Dinosaurian reptiles of gigantic size, and both having 
affinities to the same group of Dinosaurs — it is a logical inference that both should be referred 
to the same animal ; if the femur had been found alone, I should have referred it to the 
genus Cetiosaurus , but the vertebra forbid this view. 

Both Cetiosaurus and Pelorosaurus were reptiles of terrestrial habits, probably living 
in marshy or estuarine districts, and we may infer that Titanosaurus, probably, had 
much the same habits; its occurrence in the Lametas indicates that these beds, as has 
previously been suggested, are of fresh-water orgin, like the Wealden of England. 
The caudal vertebra of Titanosaurus belong to what we are usually accustomed to 
consider a higher type of structure than those of any of its European kindred. We may 
hope at some future date to find other remains of this huge Saurian, which will throw 
further light on its affinities, and shew whether it differed in other essential points from 
its European congeners. 

The Laineta group of rocks are supposed by Mr. Blanford and Mr. Medlicott to be 
connected with the middle cretaceous rocks of Bagh (see Rec. Geol. Survey, India, vol. 
V, p. 115). The occurrence in these rocks of a Saurian closely allied to Pelorosaurus , and 


* Tho caudal vertebrae of Macrorottauru* semnu* from the Chloritio marl of Cambridge, are prouselous and coin- 
prewed ; this genus is doubtfully referred to the Dinosauria. 
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in some respects to Hylceosaurus and Iguanodon of the Wealden period, suggests that the 
Lameta group is not far removed from the lower cretaceous period — a view which woflld 
agree with their generally accepted position in the geological series. 

I have lately found in the Indian Museum a considerable series of caudal vertebrae of 
this genus, which were collected by Mr. W. T. Blanford in the Lametas of Pisdura ; they 
are somewhat less compressed than the described specimen : and arc accompanied by copro- 
lites, and some portions of the carapace of a Chelonian. I shall hope subsequently to give 
figures of the more perfect specimens. The vertebrae and femur referred to by Mr. Hislop 
in the twentieth volume of the Journal of the Geological Society (p. 282) probably belong 
to this genus. 

Megalosaurus, sp. 

the fourth volume of the “ Memoirs of the Geological Survey of India” (p. 128), 
Mr. H. F. Blanford announced the occurrence of the remains of this genus in the Arrialur 
group of Trichinopoli (Upper Cretaceous) ; this announcement, however, does not seem to be 
generally known, as Professor Phillips in his “ Geology of Oxford ” (p. 196), in speaking of 
the distribution of Megalosaurus , makes no mention of its occurrence in India ; for this 
reason I have introduced the genus here. 

The specimen on which Mr. Blanford’s determination was made iB the greater portion 
of a (probably) lower tooth ; this tooth is laterally compressed, the anterior border is convex 
and the posterior concave, both produced into trenchant edges and marked by fine serrations 5 
the transverse section is somewhat pear-shaped, the broader portion being in front. The 
height of the portion of the tooth remaining is 1/8 inches ; the antero-posterior diameter of 
the base *91 inch, and the transverse diameter ’4 inch. 

The tooth in form and size is almost identical with the teeth of Megalosaurus Bueklandi 
of the Stonesficld and Portland oolites, the only difference being that the posterior border of 
the Indian tooth is rather straighter than that of the English species. 

In England the genus Megalosaurus ranges from the Lias to the Wealden, and is 
therefore chiefly characteristic of the Jurassic period. In India, as we said, it occurs in 
rocks, of which the marine mollusca fauna is homotaxically equivalent to that of the upper 
cretaceous rocks of Europe. This instance should make us extremely cautious in correlating 
the horizons of Indian and European rock-groups upon the sole evidence of land animals. 
As in many other instances in India, the land flora or fauna (exemplified in this case by 
Megalosaurus) of a group of rocks, indicates a lower homotaxis for the group than does 
the marino fauna. This anomaly is probably to be explained by the greater similarity of 
physical conditions, and the consequent greater facility for migration in the ocean than on 
the land (to say nothing of the insulation of parts of the latter), by which the organised 
products of the former would sooner arrive at a new station than those of the latter ; the 
assumption in this case being that the wave of migration has travelled eastwards. 

Further remains of the Indian form are required to establish its specific distinctness ; 
the tooth will subsequently be figured. 

Plesiosaurus Indices, n. sp. nobis. 

I have already recorded* the occurrence of a species of the above genus from the 
Umia beds of Kach. On further examination, I now find that the specimen of the symphysis 
of a mandible, on the evidence of whieh the announcement was made, differs both in 
size and in the direction of the alveoli of the teeth from the mandible of Plesiosaurus 
dilichodeirus from the English Lias ; it also differs, as far as I can make the com- 

* Kcu. Geol. Surv., India, Vol. IX, p. 151. 
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parison, from other described species of the genus ; all the cretaceous and most of the 
oo'iitic species of English Plesiosaurus , however, are described from teeth or vertebrae only,* 
so that thero is a possiblity of our species being identical with one or other of these forms. 
I have, however, thought it best to give the Iudian form a distinct name, if only to 
mark the locality from which it was obtained, and I propose to call the species P. indicus ; 
no more accurate definition, however, can be given than that published in the first notice. 
A species — P. Australis — has been described by Professor Owen from Australia, so that 
we now know that the genus had wide distribution in space as well as in time. 


Pachygonia incue v a.— Huxley. 

This species of Labyrinthodont was described by Professor Huxley(f) from the Panchct 
group of rocks upon the evidence of a portion of a mandible wanting the extremity of the 
dentary piece ; the jaw is characterized by carrying a row of minute teeth, which in cross 
section are transversely elongated. Among some specimens more recently acquired from the 
same group of rocks, I have found a part of a syraphysial end of a left ramus of the mandible 
and a detached tooth of a Labyrinthodont, which belong to this genus. The mandible 
carries on its outer border a row of small, transversely, elongated teeth, from the form of 
which, and from the resemblance of the sculpture on the outer surface of the jaw to 
the same part in the type-specimen, I have referred the new specimen to Pachygonia . 
At the anterior extremity of the specimen, and placed somewhat internally to the outer row of 
teeth, there is one large conical tooth, longitudinally striated, and bearing the same relation 
and proportion to the outer row of teeth as does the similarly situated tooth in the jaw of 
Labyrinthodon pachygnathus, figured by Professor Owen in his Odontography (PI. f>3, 
fig. 5). A section of an isolated large tooth, which agrees precisely in form with the 
attached specimen, shews that the arrangement of the folds of the cement and dentine is 
almost precisely similar to thoso in the tooth of Labyrinthodon (Mastodon saurus) jaegeri, 
as figured in Plate 64 A of Professor Owen’s Odontography. I am not acquainted with the 
structure of the teeth of all other Labyrionthodonts, but those of two at least of the 
carboniferous genera (Anthracosaurus and Archegosaurus) differ very markedly from those 
of the Triassic tj r pe genus ; in any case, the close resemblance in form of the symphysis of 
the jaw and of the structure of the tooth of Pachygnathus to the same parts in the jaw 
of the type genus Labyrinthodon , which is confined to the Keuper in Europe, affords a 
strong confirmation of Dr. Feistmantel’s view, derived from the study of the flora, ns to 
the homotaxis of the terrestrial forms of life of the Panchet group of rocks with those of the 
Keuper of Europe. 


Dicynodon oeientalis. — Huxley. 

In a recent paper in the Quarterly Journal of the Geological Society of London 
(Vol. XXII, p. 98.), Professor Owen expressed his opinion that the foramen in the 
humerus of Dicynodon orient alls, from the Panchet rocks, is probably homologous with the 
foramen of Cynodraco major described in that paper. The Professor was, however, unable to 
be positive in this assertion, owing to the imperfect specimens figured by Professor Huxley in 
his above-quoted memoir on the Panchet vertebratte. From an examination of more perfect 
specimens now in the Indian Mustitun, I am enabled to state that the foramen in the 


* British Cretaceous Tieptiles, Owen,— Palroont. Soc. Phillips’Gcology of Oxford, 
f Palffiootolotfia lndica, Per. IV, Vol. 1, p. 0. 
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humerus of D. orientals is " entepicondylar,” and consequently homologous with that of 
Cynodraco and not with that of the Lacertilia. On a future occasion I shall hope to gyre 
figures of these more perfect humeri, and also of othenparts of the skeleton of Dicynodon 
and other vertebrates from the Panchet rocks. 


Myliobatis, Sp. 

A specimen of a portion of the dental plates of a species of Myliobatis has been sent 
down by Mr. Wynne from the nummulitics of Kach ; this is, I believe, the first recorded 
occurrence of the genus in Indian rocks. The specimen comprises the greater portion of four 
of the large median dental plates, and also shows on one side three small and diamond- 
shaped lateral plates ; the small size of the innermost one of the three outer rows of 
dental plates, the two outer rows being absent, shows that the specimen belongs to the genus 
Myliobatis^ and not to Zygobatis . The median teeth are rounded transversely, and some- 
what hollowed near the middle line and along their outer border ; their anterior border is 
concave. The antero-posterior diameter of these plates measures half an inch ; the antero- 
posterior diameter of the external row of plates is also half an inch, and their transverse 
diameter three-tenths of an inch. 

The plates are larger than those of any of the Bracklesham species of the genus, but 
most nearly resemble in form those of M. Ndwardsii , from the middle eocene of that place. 
I think, however, that the Indian specimen will eventually turn out to belong to a distinct 
species. 

The association of the remains of a species of Myliobatis with nummulites, and similar 
genera of Mollusca, in the eocenes of Bracklesham and Kach, is noteworthy, and serves to 
indicate that very similar conditions of climate must have prevailed in the two regions at the 
periods of the deposition of these strata. The genus is not known from strata older than the 
eocene, and is still represented at the present day. 


Description of a new Emydine fbom the upper Tertiaries of the Northern Punjab, 
by W. Theobald, Geological Survey of India. 

Throughout the vast series of beds superimposed on the nummulitic limestone in the 
Punjab, no remains are more common than fragments of different species of fresh-water 
turtle, belonging to the families JSmydinidce and Trionychydae , though in too fragmentary 
a condition to be capable of more than generic recognition. During a late examination, 
however, of the upper Tertiaries south of Jhand, I have obtained two specimens, sufficiently 
preserved to afford a specific diagnosis. Both specimens consist of the anterior portion of 
the shell of a fully adult and aged animal, and embrace the three anterior, vertebral and 
costal plates, comparatively little affected by crust, and one specimen displays (though not 
very clearly) tho ventral surface as far as the inguinal opening : the oval plates being broken 
away. Both specimens correspond as regards the structure of their plates, the impressed 
lines marking which aro very distinct, though the same amount of individual variation is 
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seen as is met with in living examples of one species. I propose to briefly characterise it 
under the name of 

« 

Bellia Sivalensis, n. sp. 

Testd depressa quadrate oval a, margine sivnplici, carind vertebrali wild. Kuchali 
nttllo vertebrali primo quinque-laterale aniice obi use ungulate, laterilus cone avis. 
Vertebrali secundo sex-later ali boleti-formi , antice et postice recto , lateribus aniice 
rotundis, postice, valde concavis . Vertebrali lectio, secundo sitnili, — Costale primo, magno 
et medium quinti marginalis attingente . Gularium angulo valde acuto. Sutura pectorali 
cum post gularibus, fere recto . 

Shell oblong ovate, depressed, very flat along the vertebral region and without the trace 
of a keel, sides shelving, margins simple. Nuchal, none. First vertebral five sided, with an 
obtuse angle in front. Anterior sides straight (26 mills), lateral concave (39 mills), base 
sinuated (26 mills), each vertebral being slightly notched posteriorly to receive a corresponding 
median prominence in the one following it. Second and third vertehrals equal and similar 
mushroom-shaped and six-sided. Front and base equal (27 mills). Anterior sides convex, 
posterior concave. The first costal large, reaching to the centre of the fifth margiual : — 


Mills. 

1 St Vertebral ; greatest, width ... ... ... ... 42 

,, sides ... ... ... ... 39 

» base ... ... ... ... 26 

« long ... ... ... ... 60 

2nd and 3rd Veitcbral ; greatest width ... ... ... oo 

>. base ... ... ... 26 

>. long ... ... ... 39 

3*/ Costal ; greatest diameter ... .„ ... 72 

„ posterior side ... ... ... 55 

Gularj broad ... ... ... ... .. 22 

» long ... ... ... ... ... 36 

Gular and post gular ... ... ... ... 42 


Marginals sub-equal, the first being the largest. 


When perfect the shell must have been close on nine inches long and six broad. 

The most obvious characters of this species are the great flatness of the top of the 
shell, the complete absence of any vertebral keel or nodosit 3 r , and the peculiar mushroom- 
shaped vertehrals. These plates very closely resemble JBellia crassicollis, Gray ; a species 
which at present is not known to range north of Tenasserim, but that has a small nuchal 
plate which is certaiuly absent in the fossil. Still, however, the two are very similar, the 
fossil being rather larger than any living specimen of B. crasicollis that I have seen. 


The geological horizon of the species is a very high one, the fossils having been 
obtained from a thick series of clays and sands overlying the great gray sandstone series 
«nth conglomerates (locally known on the Survey as the 4 Dungote sandstones’), and which 
clays in fact constitute the highest beds of the Siwaliks in the Punjab. Associated with 
JBelHu sivalensis are a great variety of fossils, among which it will suffice to specify 
Colmsochelys, Sivatkerium, JSquus sivalensis , Ifippollterium, and Camelus . These beds 
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extend for gome miles south of the great fault running east and west half a mile south of 
Jaba (a village 6 miles south-west from Jhand), either horizontal or with a slight northerly 
dip. « • 

Malowal, W. THEOBALD. 

22 nd January 1877. 


Note. — The above specie* of Emydine, according to Mr. Theobald’s description, is quite distinct from any 
specimens in the Indian Museum j in this group of Tortoises I have already determined an limy*, an Etnyda, a 
Damonia, and a Bategur, from the Siwaliks, in addition to Pangnhura tectum, determined by Falconer, which 1 shall 
subsequently describe. 

It is somewhat noticeable that among the very few genera which Mr. Theobald has instanced as shewing the 
very modern age of the beds from which the new Beilin was obtained, that he has mentioned the genus ffippothirium , 
which in Europe is exclusively Miooene and older Pliocene. 


R. LYDEKKER. 


Observations on Underground Temperature, by H. B. Medlicott, M.A., 
Geological Survey of India. 

In 1875 two " protected Negretti ” thermometers were sent to Dr. Oldham by Professor 
Everett, Secretary to the Underground Temperature Committee of tlio British Association. 
I happened at the time to be working in the Satpura coal-field, where the deepest borings 
for coal as yet attempted in India are in progress, so one thermometer was forwarded to 
me by parcel-post. To my great disappointment it arrived broken to atoms, in spite 
of its triple protection of glass, copper and wood, with cotton padding.* The occasion 
would not, however, have been propitious for observation, for a double reason : it was 
advanced in the hot season (March 1875), and it would have been difficult at any hour 
of the day or night to set the thermometer lower than the degree it would have to register 
in the hole ; and also, the principal boring was in active progress, so that the heat generated 
by the work would have, to an unknown extent, falsified the ground-temperature. 

In the following season (1875-76) I had toafcake up work in a distant part of India ; 
but early this season (1876-77) I made arrangements to visit the borings at a favourable 
time. Some untoward circumstances occurred ; but in one case, at least, the results are 
quite reliable, and therefore of interest. Observations were taken in three borings. They 
arc all marked in the annexed table for comparison ; but those at Mancgaon only can be 
taken as satisfactory, for reasons that are explained. 

Through the kindness of Mr. Wood-Mason I was supplied, in case of accident, with a 
Casella- Miller deep-sea thermometer (No. 18492). Both instruments were used together 
in each observation, the Casella above, the Negretti below, the bulbs being fifteen inches 
apart. The Negretti proved much the more sensitive and steady of the two, as may be 
seen from the table. There was on an average nearly half a degree index-error between 
them. All the readings are, of course, on the Fahrenheit scale. In every observation the 
line was worked very carefully by my own hand, or by my colleague Mr. Hughes. It was 
lowered very gradually to the required depth, and left at rest a full half hour at that depth. 

All the holes are from five to six inches in diameter. At Khappa, the well above the 
piping, is 10 feet deep, the water standing just below the top of the tube. At Manegaon 
the well is 8 feet deep, the water standing* at 11 feet from surface of ground. 

* Tho protecting* glass tube was unbroken, but tike thermometer bulb was in fragments, and the stem broken in 
the middlo, the cork disk having parted from the collar of the tube. 
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Table of temperatures : 5th of December 1876 . 


Depth 

in 

feet. 

KeaPPA. 

r 

Makkoaok. 



• MO BAN. 


Case 11a. 

Negretti. 

Casella. 

Negretti, 

Casella. 

Negretti. 

10 



+1°*0 

79°*2 

0*0 

80°*8 

-0*06 

81*16 





20 

+07 

79°*8 

+0*8 

80'2 

-0*3 

80*8 

-0*10 

81*1 





40 

+0*4 

80*5 

+0 6 

81*0 

0*0 

80*5 

0*0 

81*0 

-0*1 

82*0 

+0-9 

82*1 

«0 


80*9 


81*6 


80*5 


81*0 


62*6 

(«) 

83*0 


+0*6 


+0*2 


+0*6 


+0*3 


+0*6 


00 


SO 

+0*1 

61*4 

+03 

81*7 

+0*2 

81*0 

+0*6 

81*3 

0*0 

83*0 

+0*5 

83*0 

100 

+0*6 

81*6 

+0*15 

82*0 

+0*9 

81*2 

+0*9 

81*8 

+0*3 

83*0 

0*0 

83*6 

160 

+1*2 

820 

+1*451 

82*15 

+0*65 

82*1 

+0*0 

82*7 

+07 

83*3 

+0*9 

835 


-0*1 ) 

C 83*2 

+0 05) 

C 83*6 









200 


C 81*9 

“ 1# ( 

l 82*2 

+0*66 

82 76 

+0*7 

83*3 

+6*0 

84*0 

+6*45 

84*4 


+ 02 ; 

( 816 

+ 0 - 2 ; 

f 82*0 









260 


i 821 


(82*4 

• 

83*3 


84*0 


89*6 


89*86 


+20 


+2*2 


+0*9 


+0*65 






300 

+07 

84*1 

+0*66 

84*0 


84*2 

+0*06 

84*65 

- 




350 

+0*2 

84'8 

+0*16 

85*15 

(b) 

84*3 


84*70 






(a) 

86*3 


86*3 










Moran bore-hole . — These readings are only recorded to show the disturbing effects of the 
heat generated by the tools. The work was stopped only four hours before the observations 
were taken. The general conditions of the bore are very similar to those of the other two, 
but the increase of temperature is apparent throughout, and the rapid rise near the bottom is 
very marked. It would, no doubt, have been more so had the observation been taken quite 
at the bottom, which was still seven feet below the last reading recorded in the table. 

r — 

(«) In mud at bottom at 370 feet. 

(6) At 310 feet, in mud at bottom. 

( e ) A bump occurred against the end of tbo tube in raising. 

If, 2?.— The C&sella readings may be ignored. 
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Khappa bore-hole. — As the deepest boring of all, this was the one I was most anxious to 
observe in ; and the failure is partly due to over-caution. At the close of last season (Sfrst 
May) this hole had reached the depth of 633 feet. I hati requested that it might be securely 
closed; and this was so effectually done that it took five hours battering with hammer and 
chisel to remove the wooden plug. These shocks must have vibrated through the tube, with 
which the hole is lined to a depth of 270 feet, and thus disturbed the partially unstable 
equilibrium in the column of water upon which the result of observations in these small- 
bore sinkings depends. It would seem even that something more than active convection was 
thus produced : after the thermometers had been down for fifteen minutes at the 200 feet 
position, a strong bubbling set up both within and around the tubing, and the water rose 
three or four inches. This occurred 13 hours after the tube had been opened. The reading 
then taken (the upper one of the table), at 11 p.m., showed an exceptional rise of tempera- 
ture ; and the next reading, at 250 feet, showed an equally exceptional fall of temperature. 
Both these points were observed again in the forenoon of the following day, with very 
different results (the lower readings of the table), and probably nearer to the normal state 
of the temperature. All the readings, however, about this depth (150' to 250'), if compared 
with the corresponding readings in the Manegaon bore, and with the sudden rise in the read- 
ing at 300 feet, suggest a zone of slow percolation of surface waters. The necessity to 
introduce piping to the depth of 270 feet is probably connected with this water-pressure. 
Nothing was noticed in the samples of rock from these depths to suggest a local cause for 
such percolation. The sandstones and clays have the same average characters and alternat- 
ing arrangement as throughout the boring. The reading at 300 feet in Khappa is probably 
a true earth-temperature. It agrees remarkably with the corresponding one at Manegaon. 

Another disappointment connected with the Khappa bore-hole was, that it had filled up 
with mud to a depth of 260 feet. The observation at 370 feet was the lowest that could be 
taken. 

The observations at Khappa were made on the evening of the 4th and morning of the 
6th December. The air temperature was above 90° in the day ; 75° at 5 p.m. ; and 52° at 10 
p.m. ; 62° at 8 next morning ; and 78° at 10 a.m. 

Manegaon bore-hole. — Everything was favourable for satisfactory observations in this 
boring, except that the hole had silted up to a depth of 110 feet, its full depth having been 420 
feet, while the lowest observation obtainable 'at the time of the observations was 310. It 
was closed on the 24th of April 1876 ; so that it had been at rest for 20 months. There is 
only one guide-pipe, ten feet long, at the top of the bore, there never having been any pres- 
sure of water in the hole. The position is low, and the water had always stood at or near 
the mouth of the tube. There was no difficulty in removing the plug. 

The very equable series of temperatures is the natural result of these conditions. The 
observations were taken in the evening of the 5th and morning of the 6th of December. At 
6 p.m., the air temperature was 72° ; at 8 p.m., 59° ; at 8 a.m., 65° ; at 11 a.m, 84°. 

The slight decrease of temperature in the top readings is a good proof of the perfectly 
tranquil conditions of observation. It is no doubt due to the excess of summer heat not 
yet abstracted ; and it is apparent that that influence reaches to a considerable depth — quite 
to 60 feet. With a specially sensitive thermometer, the range of its variation might, no 

doubt, be determined with much accuracy in such a boring. 

• 

An idea of the climatal conditions may be obtained from the following abstract of 
observations at the two nearest meteorological stations, kindly furnished to me by Mr. H. F. 
Blanford. Khappa and Manegaon are two miles apart, and at about the same level, in an 
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open valley of the Satpuras, traversed by the Dndhi river, south of the wide plains of the 
Narbada valley, about half-way between Jabalpur (Jubbulpore) and Hoshungabad, whictuare 
150 miles apart. At these two places the temperature-conditions are as follows : — 


Monthly Mean Temperatures* 


Jubbulpore 

Hoshungabad 

Jan. 
... 617 
... 00-6 

Pcb. 

86*2 

71*2 

March. 

761 

79*8 

April. 

85*4 

88*4 

May. June. 
90-9 86*7 

93*3 86*8 

July. Ang. 
78*6 77*8 

78*8 78*3 

8ep. Oct. 
78*6 73*6 

79*6 77*3 

Nov. Dec. , 
66*0 62*0 
71*6 68*3 

Jubbulpore 

Hoshungabad 

... 

••• 

... 


Yearly . 

76*2 

78*3 

... 

... 1,361 feet above sea-level. 
... 3,020 ff 




Extremes in 1875 in shade . 



Jubbulpore 

Hoshungabad 

... 

... 

... 

... 

Max. 111° 

„ 114° 

7th Juno . 
19th May 

Min. 34° 

„ 40° 

3rd February. 
22nd Jauuary. 


The elevation of Manegaon may be about 1,400 feet. The mean temperature, I should 
think, must be quite equal to that of Jabalpur. The extremes are certainly greater; 
in these more sheltered valleys a strong hoar-frost occurs many nights in January and 
February ; and the heats of summer are also more concentrated. This mean surface tem- 
perature is still a very uncertain element of the ground temperature question here. 

The geological conditions of the position are favourable for these observations. The 
rocks consist of steady alternations, in about equal proportions, of fine softish sandstones, 
and hard silty clays of the upper Gondwana strata having a steady dip of about 10°. The 
raison d'etre of the borings is, of course, the conjecture that the coal-measures may be 
within reach below. There can scarcely be a doubt that they are present, but the depth 
cannot be estimated with any certainty. Strong trap dykes are frequent in many parts of 
the stratigraphical basin; but there are none within a considerable distance of these 
borings. There are no faults near, nor any rock-features having a known disturbing effect 
upon the heat-distribution. 

If, then, we may for the present disregard the uncertain element of the mean temper- 
ature at the surface of the ground, and take the constant temperature of 81° at a depth of 
60 feet, the readings below that point in the Manegaon bore give a very steady rate of 
increase of 1° Fahrenheit for every 66 feet of depth. The bottom reading in the Khappa 
boring may be taken as supporting this conclusion. 


DONATIONS TO THE MUSEUM. 

(October to December 1876.) 

Carbonate of Iron, largely mined at Brendon Hill, Somer- 
setshire, for making Bessemer Steel ... ... H. B. Medlicott, Esq. 

Boulder of (?) aurilerous quartz ; from North Lakhimpur, 

Assam ... ... ... ... Major L. Worthington 

Wilmer. 

Slab of Coal shale with fossils from Kurhurbari ... ... T. J. Whitty, Esq. 
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ACCESSIONS TO THE LIBRARY 
From 1st October to 31st December J876. 

Donors. Titles of Books. 

Bachman n, Isidob.— Beschreibung eines Unterkiefers von Dinothcrium bavaricum 
H. v. Meyer aus dem Borner Jura, (1876), 4to, Zurich. 

Bojesen, Mrs. Maria.— A guide to the Danish language (1863), 8vo, London. 

Favre, Ernest.— Description des Fossiles du Terrain jurassique do la Montagne des 
Yoirous (Savoie) (1875), 4to, Geneva. 

Ferrall, and RErp. — Dansk-norsk-engelske Ordbog (1873), 8vo, Copenhagen. 

Latham, R. G. — A Dictionary of the English language, Vol. I, pts. 1 and 2, to Yol. II, pts. 
1 and 2 (1871-72) 4to, London. 

Littbe, E. — Dictionnaire de la Langue Fran^aise, Vole. I — IV, (1876-76), 4to, Paris. 

M ay, A. — A Practical Grammar of the Swedish language (1872), 8vo, Stockholm. 

Nilsson, L. G. — Widmark, P. F. — and Collin, A. Z. — Engelsk— Svensk Ordbok (1875), 
* 8vo, Stockholm. 

Retff, C. P. — English-Russian Grammar (1862), 8vo, Paris. 

Reiff, C. P. — Nouveaux Dictionnaires ParallMes des langues Russe, Fran^aise, Allemandc 
et A iglaise, Parts II and IV (1874-1876), 8vo, Paris. 
Rosenbusch, H.— Mikroskopische Physiograpliie der petrographisch wichtigcu Mineralien 
(1873), 8vo, Stuttgart. 

Roseng, S. — Engelske-Dansk Ordbog (1874), 8vo, Copenhagen. 

Rutimeyer, L. — Weitere Beitriige Zur Beurtheilung der Pferde der Quaterntir-Epoclie 

(1875), 4to, Zurich. 


PERIODICALS, SERIALS, &c. 


American Journal of Science and Arts, 3rd Series, Vol. XII, Nos. 69-71 (1876), 8vo, New 
Haven. 


The Editors. 


Annales des Mines, 7th Series, Vol. IX, livr. 2 (1876), 8vo, Paris. 

L’Adminis. des Mines. 

Annals and Magazine of Natural History, 4th Series, Vol. XVIII, Nos. 105-107 (1876), 8vo, 
London. 


Arcliiv fiir Naturgeschichte, Jahrg., XLII, heft 2 (1876), 8vo, Berlin. 

Bibliotheque Universelle et Revue Suisse, Vol. LVI, No. 223 (1876), 8vo, Lausanne. 

Ditto ditto Archives des Sciences Physiques et Naturelles, Vol. LVI, 

Nos. 223-224 (1876), 8vo, Geneva. 

Geographical Magazine, Vol. Ill, Nos. 9-10 (1876), 8vo, London. 

Geological Magazine, New Series, Decade II, Vol. Ill, Nos. 9-11 (1876), 8vo, London. 
Journal de Conchyliologiej 3rd Series, Vol. XVI, No. 3 (1876), 8vo, Paris. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 5th Series, 
Vol. II, Nos 10-12 (1876), 8vo, London. 

Nature, Vol. XIV, Nos. 357-369 (1876), 4to, London. 

Neues Jahrbuch fur Mineralogie, Geologic und Palseontologie, Jahrg., 1876, heft 6 and 7 

(1876), -8 vo, Stuttgart. 

Petermann, Dr. A.— Geographische Mittheilungen, Band XXII, Nos. 7-10 (1876), 4to, 
Gotha. 
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PIjtermann, Db. A. — Geograph ische Mittheilungen, Supplement, Band XLVIII. 
Poggendorff, J. C. — Annalen der Physik und Cliemie, Band 158, Nos. 7-10 (1876), 8vo, 
Leipzig, 

Professional Papers on Indian Engineering, 2nd Series, Vol. V, No. 22 (1876), 8vo, Roorkcc. 

Thomason College, Civil Engineering. 

Quarterly Journal of Microscopical Science, New Series, No. LXIV (1876), 8vo, London. 
Quarterly Journal of Science, No. LII (1876), 8vo, London. 

Report of the 45th Meeting of the British Association for the advancement of Science, 
Bristol, 1875 (1876), 8vo, London. 

The Athenaeum, Nos. 2549-2561, (1876), 4to, London. 

The Chemical News, Vol. XXXIII, No. 841, to XXXIV, No. 886 (1876), 4to, London. 

The Colliery Guardian, Vol. XXXII, Nos. 817-829 (1876), fol., London. 

The Mining Journal, with Supplement, Vol. XLVI, Nos. 2140-2152 (1876), fol., London. 


GOVERNMENT SELECTIONS, &c. 

Bombat. — Census of the Bombay Presidency, 1872, with maps of different Collectorates in 
the Bombay Presidency, Part IV (1876), fcap, Bombay. 

Government of Bombay. 

Central Provinces— Morris, J. H. — Report on the Administration of the Central 
Provinces for 1875-76 (1876), 8vo f Nagpur. 

Chief Commissioner, Central Provinces. 

India. — Gazetteer of Ajmir-Merwara, in Rajpootana (1875), 8vo, Calcutta. 

Foreign Office. 

„ Report of the Proceedings of the Forest Conference held at Simla in October 1875 
(1876), fcap, Calcutta. 

Department of Revenue, Agriculture and Commerce. 

„ Selections from the Records of the Government of India, Foreign Department : 

No. 128 — Report on the Administration of the Persian Gulf 
Political Residency and Muscat Political Agency for 1875-76, 
by Lieut.-Col. E. C. Ross (1876), 8vo, Calcutta. 

Foreign Office. 

TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES. 

Brrlin. — Monatsbericht der Konig. Preuss. Akademie der Wissenschaften zu Berlin, dune 
to July (1876), 8vo, Berlin. 

The Academy. 

„ Zeitsclirift der Deutschen Geologischen Gesellscbaft, Band XXVIII, heft. 2 (1876), 
8 vo, Berlin. 

The Society. 

Budapest.' — A Magyar kir. Foldtani Int^zet Evkonyve, Vol. Ill, No. 4, and IV, No. 2 
(1875), 8 vo, Budapest. 

The Institute. 

„ Mittheilungen aus dem Jahrbuche der kon ungar Geologischen Anstalt, 

Band 111, lief. 3, and Band IV, lief. 1 (1875), 8vo, Budapest. 

The Institute. 
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Buffalo. — B ulletin of the Buffalo Society of Natural Sciences, Vol. III, No. 2 (1876), 
8vo, Buffalo. * 

The Society. 

„ Kittredge, G. P. — The Present Condition of the Earth’s Interior (1876), 
8vo, Buffalo. 

The Society. 

Calcutta. — Journal of the Asiatic Society of Bengal, New Series, Yol. XLV, pt, I, No. 2, 
and pt. II, No. 3 (1876), 8vo, Calcutta, 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, No. VIII, Aug. (1876), 8vo, 
Calcutta. 

The Society. 

„ Memoirs of the Geological Survey of India, Yol. XII, pt. 2, (1876), 8vo, 
Calcutta. 

The Survey. 

„ Palaiontologia Indies, Series XI, pt. 1 : Jurassic Flora of Kach, by Dr. O. Feist- 
mantel (1876), 4to, Calcutta. 

Geological Suryey of India. 

„ Records of the Geological Survey of India, Yol. IX, pt. 4 (1876), 8vo, 
Calcutta. 

Geological Survey of India. 

Dresden. — Sitzungs-Bericlite der naturwissenschaftlichen Gesellschaft — Isis in Dresden 
Jahrg., 1876, January to June (1876), 8vo, Dresden. 

The Society. 

Frankfort — Ablmndlungen von der Scnckenbergischen Naturforsclienden Gesellschaft, 
Band X, heft. 3-4 (1876), 4to, Frankfort. 

Gottingen. — Abhandlungen der koniglichen Gesellschaft der wissenschaften zu Gottingen, 
Band XX (1875), 4to, Gottingen. 

The Society. 

„ Nachrichten von der k. Gesellschaft der Wissenschaften aus dem. Jahre, 1875, 

(1875), 8vo., Gottingen. 

The Society. 

London. — Transactions of the Linncean Society of London, 2nd Ser. : Botany, Vol. I, pts. 2 
and 3 ; Zoology, Yol. I, pts. 2 and 3. With general Index to 
Vols. XXVI to XXX of 1st Series (1875-76), 4to, London. 

The Society. 

„ Journal of the Linnrean Society of London : Vol. XII, Zoology, Nos. 60 — 63 
(1876), 8vo, London. 

The Society. 

„ Proceedings of the Session 1874-75 : President’s Address, and additions to the 
Library from June 1874 to June 1875 (1875), 8vo, Loudon. 

The Society. 

„ Journal of the Linnscan Society of London: Vol. XV, Botany, Nos. 81 — 84 
(1875-76), &vo, London. 

„ Proceedings of the Royal Geographical Society, Vol. XX, Nos. 5—6 (1876) 
8vo, London.- 


The Society. 
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London. — Proceedings of the Royal Society of London, Yol. XXIV, Nos. 170 and XXY, 
Nos. 175. — 172 (1876), 8vo, London. 

The Society. 

„ Quarterly Journal of the Geological Society of London, Vol. XXXII, pt. 1, 
No. 125, and pt. Ill, No. 127 (187C), 8vo, London. 

The Society. 

Manchester.-— Transactions of the Manchester Geological Society, Yol. XIV, pts. 4 — 5 
(1876), 8vo, Manchester. 

The Society. 

Melbourne. — Geological Survey of Victoria : Report of Progress by R. Brough Smyth, 
No. Ill (1876), 8 vo, Melbourne. 

Geological Survey of Victoria. 

„ Reports of the Mining Surveyors and Registrars for quarter ending 30th 
June 1876 (1876) fcap, Melbourne. 

Government Mining Department, Melbourne. 

Montreal. — Philadelphia International Exhibition, 1876: Descriptive Catalogue of a 
collection of the Economic Minerals of Canada and Notes on 
a Stratigraphical collection of rocks (1876), 8vo, Montreal. 

Geological Survey of Canada. 

Moscou. — Bulletin de la Socidtd Imp^rialedes Naturalistes de Moscou, Vol. L, No. 1 (1876), 
8vo, Moscou. 

The Society. 

Palermo. — Giornale di Scienze Naturale ed Economiche, Vol. I (1865)— (1874), 4to, 
Palermo. 

The Institute. 

Paris. — Bulletin de la Socidtc Geologique de France, 3rd Series, Vol. Ill, Nos. 10 and 11, 
and Vol. IV, No. 3 (1876), 8vo, Paris. 

The Society. 

Philadelphia. — Journal of the Academy of Natural Sciences, 2nd Series, Vol. VII (I860), 
4to, Philadelphia. 

The Academy. 

„ Journal of the Franklin Institute, 3rd Series, Vol. LXXII, Nos. 2—4 

(1876), 8vo, Philadelphia. 

The Institute. 

„ Proceedings of the Academy of Natural Sciences, Pts. I and III (1875), 

8vo, Philadelphia. 

The Academy. 


„ Proceedings of the American Philosophical Society, Vol. XIV, No. 95 

(1876), 8vo, Philadelphia. 

The Society. 

Pisa.— Atti della Societa Toscana di Scienze Naturali, Vol. I, Nos. 1, 2 and 3, and II, No. 1 
(1875-76), 8vo, Pisa. 

The Society. 

Rome.— B olletino R. Comitato Geologice d’ltalia, Nos. 7 — 10 (1876), 8vo, Rome. 

The Geological Commission- 
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Salem, Mass.— American Naturalist, Vol. VIII, Nos. 2—12, and IX, 1—8 and 10—12 
^1874-75) 8vo, Salem. * 

The Peabody Academy. 

„ Catalogue of Paintings, Bronzes, &c., exhibited by the Essex Institute at 

Plummer Hall, Nov. 1875 (1875), 8vo, Salem. 

The Institute. 

„ Memoirs of the Peabody Academy of Science, Vol. I, No. 4 (1875), 4to, 

Salem. 

The Academy. 

„ Sixth Annual Report of the Trustees of the Peabody Academy of Science 

for 1873 (1874), 8vo, Salem. 

The Academy. 

„ Robinson, John. —Check List of the Ferns of North America, north of Mexico 

(1873), 8vo, Salem. 

The Authoe. 

,i Memoirs of the American Association for the Advancement of Science, Vol. I 

(1875), 4to, Salem. 

The Association. 

Stockholm.— Be skrifuing till Kartbkdet “ Riseberga,” Nos. 54— 56, with maps (1875), 8vo, 
Stockholm. 

Bubean Geol. de Suede. 

M Gumalius, Otto. — Om Malmlagrens Aldersfoljd ochderas anvandande sasom 

lcdlager (1875), 8vo, Stockholm. 

Bubean Geol. de Suede. 

„ Hummel, David. — Om Sveriges lagrade nrberg jemforda med Sydvestra 

Europas (1875), 8vo, Stockholm. 

Bubean Geol. de Suede. 

„ Tobnebolm, A. E. — Geognostisk Beskrifning ofver Persbergets Grufvefalt 

(1875), 4to, Stockholm. 

Bubean Geol. de Suede. 

„ Bihang till kongl, Svenska Vetenskaps, Akadcmiens Handlingar, Band III, 
No. 1 (1875), 8vo, Stockholm. 

The Royal Academy. 

„ Meteorologiska Lakttagelser i Sverige, 2nd Series, Vol. I (1876), 4to, 
Stockholm. 

The Royal Academy. 

„ Ofversigt of kongl. Vetenskaps, Akademiens Forhandlingar, Band XXXII 
(1875), 8vo, Stockholm. 

The Royal Academy. 

„ Kougliga Svenska Vetenskaps, Akademiens Handlingar, New Series, Band 
XI (1878), 4to, Stockholm. 


The Royal Academy* 
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St. Petersburg.— Bulletin de l’Acaddmi^ Imperialo des Sciences de Si. Petersbourg, Vol. * 
XX, Nos. 3—4 and XXI, Nos. 1—4 (1875-76), 4to, 8t. Peters- 
burg. 

The Aoademt. 


Mdmoires de l’Acaddmie Impdriale des Sciences de St. Petersbourg, 7tb 
Scries, Vol. XXII, Nos. 4-10 and Vol. XXIII No. 1 (1876), 
4to, St. Petersburg. 

The Sooiett. 


Sydney. — Transactions and Proceedings of the Royal Society of New South Wales for 1875, 
Vol. IX (1876), 8vo, Sydney. 


The Society. 


Mineral Map and General Statistics of New South Wales (1876), 8vo, Sydney. 

The Society. 


„ New South Wales, its progress and resources (1876), 8vo, Sydney. 

The Society. 

„ Transactions of the Philosophical Society of New South Wales, 1862—1865 
(1866), 8vo, Sydney. 

The Society. 

Venice.— Memoric del Reale Instituto Veneto di Scienze, Lcttere ed Arti., Vol. XVIII, 
pt. 1 (1874), 4to, Venezia. 

Vienna.— Jahrbuch fur k. k. Geologischen Reichsaustalt, Band XXVI, No. 1 (1876), 
8vo, Vienna. 

The Institute. 

„ Verhandlungen fur k. k. Geologischen Reichsanstalt, Nos. 1—6 (1876), 8vo, 
Vienna. 

The Institute. 


Washington.— Bulletin of the United States’ Geological and Geographical Survey of the 
Territories, 2nd Series, Vol. I, Nos. 6 — 6, and II, No. 1. 
(1876), 8vo, Washington. 

F. V. Hayden, Esq. 

Washington Jackson, W. H. — United States Geological Survey. Miscellaneous pub- 
lications, No. 5. Descriptive Catalogue of the Photographs of 
the United States’ Geological Survey of the Territories for 
1869—1875, 2nd Edition (1875), 8vo, Washington. 

F. V. Hayden, Esq. 


Zurich. — Nenjahrsblatt von der Naturforschenden Gesellschaft for 1875 and 1876, Nos. 
LXXVII and LXXVIII, 4to, Zurich. 

The Society. 

„ Vierteljahrssehrift der Naturforschenden Gesellschaft in Zurich. Jahrgaug XIX, 
(1874), -XX (1875), 8vo, Zurich. 


Tub Socuir. 
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Notes on the age of some fossil floras in India, by Ottokar Feistmantel, m. d.. 

Geological Survey of India . 

VI, VII AND VIII. 

VI. — On the homotaxis of the Gondwana System. 

In the last number of the Records {supra p. 79) there is a clearly written paper by my 
colleague Mr. W. T. Blanford, calling in question the general value of geological homotaxis 
ns drawn from the fossil remains of terrestrial life, and based upon an analysis of the 
evidence for the age of our Gondwana series. The general question may safely be left to 
time for settlement. I have no fear that the higher forms of animal and of vegetable lifo 

can fail to take their duo place in the adjustment of the records of the earth’s history a 

place proportionate and analogous to their importance in the world; and I therefore regret to 
see the question brought forward in the unbecoming and unreal aspect of a dispute between 
geologists and paleontologists. 

Regarding the particular case, there is much to be said in correction of it as stated by 
Mr. Blanford. Perhaps I owe some apology for having left it possible to be so stated 5 but 
I had no idea that this discussion would be so precipitately raised, while still the materials 
for it are under examination. I might otherwise, in the notes already published, have 
anticipated some of the most serious objections brought forward in the paper under notice* 
I had postponed these niceties of detailed comparison till the data for it were more com- 
pletely worked out, being content to state broadly the facies of each local flora. I must, 
however, as briefly as possible, remedy that omission of mine. In doing so it will be neces- 
sary to mention undescribed fossils ; which, however, I describe shortly in an adjoined paper. 

As to the Kach group, I had already fully noticed ( supra p. 29) as a " palaeonto- 
logical contradiction” the discrepancy between the homotaxis of the group as derived from the 
plant remains, and as judged from the fossil cephalopoda , when we find strata with a middle 
Jurassic flora intercalated with and overlying strata with four cephalopoda of Portlandian 
affinities. It would indeed be rash to question the determinations of the cephalopoda by 
Dr. Waagen $ but it must not be forgotten that all the fossil moUusca and other fossils are 
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no* yet critically examined ; and it is veiy possible that the full examination of th c fauna may 
modify the strati graphical relations ^as deduced from the cephalopoda, and then the “ paleon- 
tological contradiction” would not be so strong. To show this, and to explain my point of 
view, the following observations may be given : — 

1. — There arc certainly some mollusca that are generally of older age than Portlandian, 
passing into the higher beds of Kach. 

a . — I may mention only from the Umia group (which contains the Portlandian cephalo- 
poda) the very frequent occurrence of — 

Gomomya- V-srripta, which mostly occurs in middle jurassic bods in Europe. 

Astarle major, Sow., very near with Astarte maxima. Om., from Middle Jura in Ger- 
many. 

A Trigonia near Trigonia Van, Sharpe, from jurassic beds on the Sunday River in 
Africa. 

A Gomomya scarcely different from Goniomya injlata , Ag.. a Middle Jurassic form- 
ulae related with Goniomya rkomhifera, Goldf., from Liassic strata. 

A Trigonia very near to Trig . Herzogii , Hausm, from Enou on the Sunday River in 
South Africa. 

Some Trigonia allied with Tr. ventricosa in South Africa. 

A portion of the lower jaw junction of a Plesiosaurus, which has mostly allied forms 
in the English Lias — found near Boroorin in the Umia group. 

h . — From the Charoc and Katrol beds of Kach, which are especially taken as represent- 
ing the Oxford group and Callovian, we have especially to mention Mo not is inanpiivalvis , 
Sow., in Europe generally of Liassic age — here in the Charec beds. 

Monotis Munstcri , Goldf., generally in Europe from Middle brown Jura — here in tho 
Katrol group which is taken as representative of the Upper Oxford group. 

Parasuchus, a vertebra of that Crocodilian fossil which is looked upon as Triassie, 
and which occurs frequently with the Jabalpur flora near Mal6ri, which latter is identical 
with our Kach flora. 

Near Nurha, in the Katrol bods (therefore below the common plant horizon), the follow- 
ing fossil plants occur : — 

Sphenopteris arguta, L. & H., from Inferior Oolite in England — In Iudia occurs 
in tho Rajmahal Series (Rajmahal Hills) and in the Jabalpur group. 

Alethopteris Whithyemis, Gcipp., in the form as Pecopteris tenuis, Bgt., from 
Inferior Oolite in England. Also at Kukurbit and in the Jabalpur group. 

Otozamites comp, conti guus, Fstm. — A similar form from Kukurbit. 

Araucarites Kachensis , Fstm.— a smaller specimen of this frequent species at 
Kukurbit and in the Jabalpur group. 

These plant remains are mostly identical with the others from Kach and the Jabalpur 
group. 

2. There is a great affinity q£ some of the fossils in the uppermost beds of Kach with 
forms from the South African strata on the Sunday and Zwartkop rivers as already men- 
tioned; and also Dr. Waageu* refers a Trigodia from tho Umia bods to the Trig, ventri * 
cosa, itr. 


+ Jftd, Indica; Jurassic Ccplulupoda vf Kacli, i>, 337, 
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It is true those beds were first supposed by Mr Krauss* to be lower cretaceous ; but 
thi&has been shown to bo wrong by MM. Baimf Sharpe, J and TaU*.J Mr. Bain considered 
those beds as Liassic ; Mr. Sharpe, however, and Mr. Tate declared them from the whole 
of the fossils to bo analogous with the great Oolite in England. Also Or. Waagen speaks of 
them as Jurassic;. With the fossils of those strata many of the mollusca in the uppermost 
strata of Kacli are identical, or very nearly. 

Thus it would seem that the decision from the four Portlandian cephalopoda may not 
be final; but if that determination should be confirmed by tlie whole marine fauna, I will 
willingly accept the decision, as I have already done in the analogous case of the upper coal 
seams of Bohemia, where the gas-shale contains Permian animals with a carboniferous flora. 

I would nexi notice some points relating to the lower Gondwana groups, upon which 
Mr. Blanford's conclusions were rather premature. It will appear — 

a. —That the contrast between the floras of the upper and lower groups of the 

Gondwana system is not so very decided ; no more so than between the 
Jurassic and Triassic formations cdsewhere. 

b. — That the affinities of our Damuda flora with that of the mesozoic epoch and 

especially of the triassic formation are overwhelming ; and that the argu- 
ments for this conclusion are uot derived from three species discovered only 
last year. 

c. — That the analogy with the flora of the lower coal strata in Australia is com- 

paratively weak. 


a .— Relation of the floras of the upper and lower Gondwana groups. 

That there is a certain contrast between the flora of the lower and upper portion of the 
Gondwana Series is,, as I think, quite natural, both belonging to distinct formations ; the 
former considered by mo Triassic, the latter being Jurassic; but I think the break is not more 
distinct than between Trias and Lias, or between Trias and Oolite, or even between Binotic 
and Oolite in any country. 

We find, for instance, scarcely any identical species in the Buntsand stein of the Vosges 
and in the Lias of the Alps or in the Oolites of England, and wo find also no species identical 
in the Binotic strata and the Oolitic strata of England. 

The triassic strata of the Vosges are, as everybody knows, marked especially by 
Sclnzoneura and some of the Coniferous genera as Voltzia and Alberti a. None ot these 
occur in Lias or Ooliio in Europe; and the Cycads in the European Trias also are very rare, 
although not wanting. 

Here in India the relation or the passage between tho upper and lower portion of tho 
Gondwana Series is paheonto logically much better marked— 

a. — Indirectly, or by the strata themselves, and especially through the Panchct 
group. 

This contains some rh retie fossils, which formation is altogether a transitive 
group between the Trias and Lias ; our liajmahal beds being of this latter 


* Nova Acta Lccpoldina Ac. Nat. Curios., Vol. XXII, Part JI, p. 456 if., PI. 40, f . 2. 
t Transact. GcoL. Soe., London, Vol. VII, 2nd Mor., p 175 if., PI. XXII, otc. 
t On South African fossils ; Quart. Jour. Geol, boc,, 1867, p. 140 11., PU. V— IX. 
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age.* The Damudas again are closely connected with the Panchet group 
by that very well marked fossil Schizoneura Gondwanensis, Fstm., which 
is so frequent in boflu, and which has its only relations in the European 
Trias. 

b . — Directly by fossils. — There are several forms which are common to both, or, at 
least, which are represented in both. 

There are amongst the Taniopteridece two forms which are very near to some from 
the Rajmahal Hills, Mucrotaniopteris danmides t being very near to 
Mac rot. lata , 0. M., var. museefolia ; both occur very frequent; and some 
other specimens from Kamthi being near, if not identical with Angioptcridium 
McClellandi , 0. M., from the Rajmahal Hills. (This we find in Sir 
Charles Bunbury s paper! as Tceniopt. danmides ? McClcll.) Both these 
Taniopteris are found together with the common Glossopteris . 

Amongst tko Pecopterides there is Alethopteris Lindleyana , Royle, and another 
form, lately brought by Mr. Wood-Mason from Rauiganj (see further on), 
which belong to the same group as the Alethopteris indica t 0. M., from the 
Rajmahal Hills ; it is to the mesozoic group of Alethopteris Whitbyensis 
Gopp. 

Cycadeacece in the lower groups are also not wanting at all, since we know 
that there is a Nceggerathia Eislopi , Bunb., from several localities, a 
Nceggerathia Vosgesiaca f Bronn, from the Godavari District, and a Glos - 
sozamites from the Karharb&ri coal-field. (For these species see further on). 

Of course it may be said again that these are genera of wide range, but yet the species are 
distinct, so is the Macro teen io p ter is lata and danceoides well distinct from Tamiopt. 
ahnormis or Germari or multinervis in the Carboniferous ; also Alethopt . Whitbyensis and 
Lindleyana from Alethopt . Serli or pteroides in the Carboniferous; and Nceggerathia 
Hislopi and Vosgesiacx from Nceggerathia foliosa, Stbg., from the coal-measures. 

There are, moreover, all the other mesozoic relations, as Phyllotheca , Actinopteris , 
Sagenopteris , &c., which are represented in Jura and Rhtetic, or in the middle mesozoic 
epoch of Europe, to which latter the upper portion of our Gondwanas is to be referred. 

b — The affinities qf our Damuda flora with that of the mesozoic and especially 

triassic epoch . 

The first critical discussion of the Damuda flora was given, 1861, by Mr. 01dham§ and 
later again, 1865, || where it was endeavoured to be shown that it had a palaeozoic affinity, 
although Mr. Oldham himself acknowledged the exclusively triassic connection of the so 


* McBsrH. Oldham and W. T. Blanford have stated this too. Mr. Blanford (Mem. Ill, p. 138, Baniganj field) 
says plainly "that i)\c Panchet Series represents a period of timo intermediate between that of tho other two groups 
(Damuda and Kajmahal ”), and Mr. Oldham (1. c., p. 204) says- 

“The marked break between the Eajmabal and the Damuda rocks, as proved by the total oh an go in thoir 
flora, has now, to a certain extent, been filled up by the establishment of the Panchet group or mb-divwon interne • 
diate between the two ” ^ 

t Known already by Royle and McClelland, later brought from Bur go, Baniganj, and lately again from 
Baniganj. * . 

% Quart, Joum. Geolog. 8oc„ XVII : Flora of Nagpur. 

$ Memoirs, Geological Survey, India, Vol. II, p. 324 et seq. 

| Memoirs, Geological Survey, India, Vol, ill, p. 203 et teq. 
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frequent genus Schizoneura. Already, 1861, in a papor by Sir Charles ‘Bunbury* (p. 345), 
strong doubts are expressed as to this supposition, and the flora of Nagpur and Burdwan 
considered rather mesozoic. 1 

In the fifteen j r oars which elapsed 'since that date, the collections have increased 
greatly, and we have in all the special collections unmistakable evidence for the supposition 
of M. Bunbury as to the mesozoic, and, as I add, triassic age of the Damuda flora. 

Already in the old collections from Raniganj there were proofs enough. There were 
Schizoneura very frequent, there were one or two Sagenopteris , Presl., Glossupteris , different 
from those in Australia. Prom Kamthi there were specimens of Taniopteris ( Macrotaniop • 
ter is and Angioptcridium) , of distinct real JPhyllotheca , like that in the Oolites in Italy; 
there were again a quite different Glossopteris from those in Australia, different not ouly 
by the shape of the leaf, but especially by the fructification. * 

' In 1871 some fossils with mesozoic and also triassic affinities were brought by 
Dr. Stoliczka from Karharbari, amongst which Voltzia heterophylla and a Cyclopteris 
angustifolia, McCoy, were at that time determined, and amongst which I have recognised a 
Sagenopteris and a distinct Glossozamites . 

Again in 1873 an Actinopteris was obtained from the Raniganj field, and a collection 
from the lower Godavari contained some triassic affinities in Nceggerathia Vosgesiaca and 
mesozoic affinities in a Sagenopteris near rhoifolia , Presl. In the season 1873-74, Mr. V. Ball 
brought from the Satpura Basin the Triassic Schizoneura , which was there frequent 
enough. In 1876 we got some interesting species, which are of groat importance as 
cumulative evidence for the triassic age of our Damudas, especially as they are just from 
the lowest portion, the Bar&kar group. These important fossils are from Karharbari, 
and were presented by 4lr. Whitty. They were Ncuropteris valida, Fstm., Voltzia hetero - 
phylla , Bgt., Albertia speciosa , all triassic forms, and Gangamopteris cyclopteroides, Fstm., 
which is identical with that almost only fossil of the Talchir group, and which has 
relations in the mesozoic beds in Victoria. 

Lately, too, I discovered a real P hyllotheca , as that from the Oolites in Italy, amongst 
the Raniganj fossils. And quite recently Mr. Wood-Mason brought a rather valuable suito 
of fossils from Raniganj containing further proofs of mesozoic age. I mention especially 
Vertebraria , Sagenopteris pedunculata , Pstm.,f Alethopt. Lindleyana 9 fructificans, 
another Alethopteris of the group of Alethopteris Whitbyensis, and so on. 

To illustrate this relation of our Damuda flora with the mesozoic epoch in general and 
with the triassic epoch specially, I add here a full list of the fossils, as I know them at 
present ; they are partly contained in my first note, and the description of others are 
contained in following note, No. VIII ; others will be given in the Journal Asiatic Society, 
Bengal. 

22 Q UISETA CEJEn 

1. Schizoneura Gpndwanensis , Fstm. — Very frequent in the Raniganj group of 
the Raniganj field and in the corresponding Bijori horizon of the Satpura 
basin, also in the Panchet group. The only relation is the Triassic Schizon. 
paradoxa , Schimp.,J from the Vosges. Never known from Australia. 


* Quart. Jour. Geolog. Soc., XVII : Flora of Nagptir. 

t This and other species of Mr. Wood-Mason’s collection will be described in the Journal of the Asiatic Society, 
Bengal. , 

t The genus Zengophyllites, Bgt, which has been confused with Schizoneura and of which wo find a figure in 
Strolecki’s New South Walos (p, 250, PI. VI, f. 5), proves by a thorough eiamination to be a Zamina of tho genus 
Zamitee or Podoeamitet, and quite different from Schizoneura ; so also ifoggemthia (W, T, Blanford, 1. c„ p, 83J, is 
no Schizoneura, 
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2. Sphenophyllum trizygia , Royle, sp. — from the Raniganj group, Raniganj field, 

and from the Barakars of Talchir in Orissa. — Completely different from all 
palmozoic forms. * 

3. Vertebraria indica, Bunb, — In the whole Damuda Series. Some specimens from 

Raniganj prove the relation with Triassic JS 'quisetacea. In Australia only 
from upper coal-measures. 

4. Phyllotheca indica , Bunb. — The typo form in the Kamthi beds, and a specimen - 

from the Raniganj field. Nearly allied forms in the Italian Oolite, with 
which Australian forms also aro connected. 

5. Other stems of Fquisetaceous plants in many places. 

• FILICES. 

0. Actipopfcris Bengal ensis , Fstm. — from Raniganj coal-field. In Europe the 
genus is in rhaetic strata. 

7. Neuropteris valuta , Fstm. — from Karharbari coal-fiokl pretty Frequent. The 

only analogous forms are in the Tbias of the Yosgcs; single-pinnate 
Neuropteris. 

8. Alethopteris Lindleyana , Royle. — from the Raniganj field. One species of the 

mesozoic group of Alethopteris Whitbyensis , Gopp. Lately brought in 
fructification by Mr. Wood-Mason. 

9. Angiopteridium comp. McClellandi,0. M. — from the Kamthi beds, otherwise in 

the Rajmahal Series. 

10. Macrotan iopteris dan eeo ides , Royle, McClell. — from ttie Raniganj and Jheria 

fields, pretty frequent, and from Burgo in the Rajmahal Hills (Damudas)— 
Related with mesozoic forms. 

11. Macrotceniopteris Feddeni , Fstm. — from the Kamthi beds. 

12. Glossopteris (Taniopteris ?) musafolia, Bunb. — from Kamthi beds, different 

from any Australian form. 

33. Gloss opt. (Taniopteris ?) stricta, Bunb. — from Kamthi beds; notlikoany in 
Australia. 

14. Glossopt . indica, Schirnp. — from Raniganj and Kamthi ; in the latter place with 

frutetifi cation ; the globular sporanges in 4-5 rows on the leaf surface. 
Nothing like this in Australia. 

15. Glossopt. leptoneura , Bunb. — from the Kamthi beds ; an Indian species. 

16. Glossopteris — many other species— not common with the Australian beds. 

17. Glossopteris Browniana, Bgt. — I must state that I have never scon a good 

representative of this species from Indian rocks. 

18. Sagenopteris pcdunculata , Fstm. (Glossopt. acanlis, McClell.) — from the 

Raniganj coal-field, lately brought again by Mr. Wood-Mason. Nothing like 
that known from Australia. 

19. Sagenopteris comp, rhoifolia ? Presl.— from Kunlacheru in the Godavari 

District. In Europe in Rbsetic. 

20. Sagenopteris Stoliczhana , Fstm.— from Karharbari coal-field. The genus in 

Europe is Rha;tic and Oolitic. N5 Sugenoptcris is known from Australia. 

21* Gang a mopteris angustiju/ia , McCoy. — from Karharbari coal-field. In Aus- 
tralia in the mesozoic rocks of Victoria. 
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22. Gangamoptcris cycloptcroides , F y tin . — from the Burak ars in the Knrhnrbari 

4 coal-field and from the Talchirs. The genus in Australia occurs in ibo 

mesozoic rock of Victoria. * 

23. Ga ngamoptcris W fiitliana Fstm. from Raniganj field. Tlie genus is mesozoic, 

24. Belem nop ter is Wood-Masoniana, Fstm. — New genus and new species, from 

Raniganj field. 

25. PalcBoviltaria Ehirzi , Fstm., nov. gen. and spec. — from Raniganj field. 

CYCADEACEM. 

26. Nmggeratkia Hislopi, Bunb. — from the Kamthi beds. 

27. Nwggerathia comp. Yosgesiaca , Bronn — from Kunlaeheru, Godavnri District. 

This species, to which our specimen is very near, is in Europe known only 

from triassie beds. 

28. Glossoza mites Stoliczlcanus , Fstm. — from Karharbari coal-field. In Europe 

this genus ranges from Lias to Cretaceous. 

C0NIFEB2E. 

29. Yoltzia acutifolia , Bgt. — from Karharbari. 

In Europe the most charac- 

30. Yoltzia heterophylla, Bgt.— from Karharbari. teristic species of triassie 

31. Albertia speciosa, Schimp. — from Karharbari. ^ e( ls. 

From what I have said in this section wo can draw the conclusion — 

That the Damuda flora exhibits itself quite decidedly as mesozoic and most naturally 
as of triassie age , as out of thirty-one species known at present, there arc nineteen distinctly 
mesozoic forms , of which six species evidently triassie, four species of rheetic , and the 
others of generally mesozoic affinities. 

But also, the other twelve species, amongst which Glossopteris is represented by six 
species, have no paleozoic affinities ; and of all the species of Glossopteris , only one 
might be identical with one in Australia. 

c . — What is the analogy of our Damuda Series with the lower coal-measures in 
Australia ? 

This point, as Mr. Blanford truly observes, must bo taken into consideration ; but the 
analogy is by no means what he seems to think it. 

Any instructive or conclusive comparison can only he made between series that possess 
fairly represented and characterized flora. For our Damudas this condition can only bo said 
to exist in the upper coal-measures in Australia, and in some exclusively plant-bearing rocks 
of Europe. 

I think those palaeontologists who declared the whole Australian flora as absolutely 
jurassic, did not distinguish tine lower and upper portion of the coal-measures. The first 
contains forms which could never support this assertion ; while the upper measures con- 
tain, besides those plants without analogy, some other forms which certainly can justify the 
supposition of a jurassic age. ^ 

On page 83 Mr. Blanford gave a scheme of the formations in the New South Wales coal- 
field (1,2, 3, 4, 6, 6). Nos. 1, 2 (Wianamatta and Hawkesbury beds), it is true, have yielded 
no distinct Glossopteris ; but in Tasmania, from where identical fossils with those of these 
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two beds are known, Glossopteris occurs with Pecopteris Australis , Phyllotheca , and tho 
nlost important, with Tceniopt. Daintreei , McCoy. (McCoy : Prodrome, Decad. II, p.. 15 : 
Report of Progress, Geol. Survey, Victoria, 1874, p. 25). 

As to 3 and 4, of which the first are the upper coal-measures of Newcastle, Mr. Blanford 
himself (p. 83) says, “ Nos. 3 and 4 appear to bo connected by the presence of Glossopteris 
Drowniana in both, although there appears to be a considerable distinction in the fiord' ; 
and I would add, No. 3 does not contain any animals, while in No. 4 marine animals are 
found abundantly.* 

On page 84 Mr. Blanford enumerates the species, which, as he considers, arc com- 
mon to our Damudas and the Australian beds, and others which are common to the 
Damudas and the triassio rocks in Europe (as I pointed out). On these I would 
remark — 


Glossopteris (two or three species identical, W. T. B.) — I think with great 
difficulty we may be able to get only one common species. 

Gangamopteris (tho genus only. W. T. B.). — This form is not known at all from 
those beds intercalated with marine fossils, but from really mesozoic beds in 
Victoria, associated with Tceniopteris Daintreei, McCoy. 

Vertehraria" (one species identical. W. T. B.)— There is as yet no full description of 
the Australian Vertehraria, and that which is known seems to be quite different 
from ours. The greatest portion of our Damuda Vertehraria are probably not 
identical with those from Australia. 

Pecopteris ( Alethopteris ) (one species probably identical. W. T. B.) — I doubt 
whether our Alethopteris Lindleyana can be united with AlethopU Australis , 
McCoy ; or if this is altogether the case with’any other species. 

Thus it seems that the evidence of a connection with the Australian coal-measures 
is very weak, while *the fossils enumerated as common with European Trias are unmistakably 
identical. 

As to the stratigraphy of the Australian coal strata— the literature is not poor; but 
yet it is not in all points quite clear and always trustworthy. 

It is well known that there can be a complete concordance in the stratification of rocks, 
and yet two or more different formations may be represented which can only be dis- 
tinguished by the prevailing fossil forms. As an instance I can quote the Salt Range in 
India, where, as Mr. Wynne tells us, the lower marine carboniferous and the triassic rocks 
are conformably deposited; and yet they are different in age, although a well marked 
Ceralites and Phylloceras goes down into the carboniferous rocks, and marked forms 
of Belerophon survived into the Trias. The same relations will have to be applied to the 
two portions of the Australian coal-measures, only that here the case is illustrated in the 
flora. 

For the stratigraphical grouping of the coal-strata of New South Wales we must 
especially take Mr. W. B. Clarke's observations, which to a great extent are published :f partly 
Mr. Clarke communicated them to me in two letters, and he sent also a suite of fossils for 


• J speak of this farther on. 

t Bemarke on the Cedimentar j Books in New South Wales, lllrd Ed., 1970. 
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comparison. From all his dear communications it is plain that there are two very distinct 
portions in the Australian coal-measures — 

a. — Upper coal-measures. 

b . — Lower coal-measures. 


a . — The upper portion is marked by a flora, which' is abundant Nos. 1, 2, 3 of 
Mr. Blanford’s list must be referred to this ; they contain no marine fossils to indicate a 
connection with the lower portion. 


b . — The lower coal-measures are marked by two marine faunas of, as generally taken, 
a carboniferous age, which separate distinctly these from the upper beds. The flora 
is, as both Mr. Clarke and Mr. Daintrec state, only rare. 

<■* — Below this there are beds with real lower carboniferous plants. 


The succession of the several strata of the Australian coal formation, as Mr. Clarke 
communicated it to me in a late paper, aud as it is to be found in his“ Remarks” (1. c. ), is 
as follows ; — 


r Beds in Tasmania, Without New South 
Queensland, Victoria. J _ Wales. | 


Upper Coal- I 
un'iihures. -{ 


Clarence River. 
Winainatta beds. 


llawkcsbery beds. 


^ No animals. 


Bowenfels. 

^ Upper beds in Newcastle. 


Lower Coal- 
measures. 


t 


Beds with marine animals intercalated with plant beds. 

Stony Creek, Rix. Ck., Greta, Mnt. Wingen, &c. 

Again marine beds. 


Especially 


C Smith Creek 
Culm Series 1 


Devonian 


Port Stefens 
Goonoo-Goonoo 


7 Lower carboniferous plants with car- 
j boniferous animals. 

Plant remains only. 


As to the fossils from these several beds I may give an account of those which I have 
H‘Cn, or which are mentioned as really occurring — 


a. — Upper coal-measures— 

1. From Queensland : Pec opt, odontoptcroides? Morr., Tccniopteris Daintreei, 

Cyclopt. cuncata, Carr., &c. 

These beds are altogether taken by Daintree as mesozoic, and TaniopU 
Daintreei , characteristic of these beds. 

2. From Tasmania— prevailing Thinnfeldia-\ike ferns ; besides this Glossopteris 

and Pecopteris Australis , McCoy. 

3. From Victoria— from here we find the following plants described as 

mesozoief r — 


Gangamopferis angustifolia, McCoy, G. spathulata , Gang am . obiiqua, McCoy, 
Neuropteris sp. * 


* I should aay this is rather a thinnfehUa. 
t See Report of Progress, Geolog, Surv, of Victoria, p, 35* 
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Pecopteris Australis, McCoy., Sphenopteris , Taniopteris Daintreei, McCoy., 
Zamites ellipticus , McCoy. 

Phyllotheca Australis , McCoy. — Here we have real Phyllotheca with 
T&niopt. Daintreei , McCoy. 

4. Prom the Wianamatta and Hawkesbery, we have mostly Dichopteris, Thinn - 
feldia 9 Pecopteris odontopteroides 9 Morr., Taniopteris , etc. ; and in both 
the same genus of a fish. 

5. Prom Clarence River District. — T&niopteris with narrow leaves, and a coni- 
ferous branch, to which Mr. Clarke himself marked iVoltzia . 

C. Bowenfcls and Newcastle. — Here the flora is mostly developed : Vert ebr aria, 
real Phyllotheca , many Glossopteris (but very few identical with those 
of India), mostly Gloss. Browniana , Bgt., coniferous plants near the 
mesozoic JEchinostrobus , coniferous seed-vessels and others, but no animal 
fossils , nor lower carboniferous plants. 

b. — Lower coal-measures — 

I have seen Tmniopteris near Taniopt. EcJcardi , Germ., Glossopteris , small 
specimens : besides these, there are quoted Phyllotheca and Nagger athia* 
With these are associated carboniferous fossils. 

c. — Strata below — with Cyclostigma Kiltorkanum, Haught,, Rhacoptcris, Sphcno - 

phyllum (real palaeozoic form). These I have seen myself. And again 
a palaeozoic (carboniferous) fauna. 

Prom this we see the following Only the strata sub. b can claim a palaeozoic age, 
containing a prevailingly carboniferous fauna, which already in c occurs together with 
a palaeozoic flora. The flora in b is very poor, containing only few forms, which* are so 
frequent in the upper strata ; and to use Mr. Clarke’s words about the Glossopteris , we may 
say : “ There (in the Australian lower coal-beds) it clearly does not govern, but must be 
subordinate to the fauna;” and further he says, " why might it (Glossopteris) not' pass into 
secondary rocks without denying its existence in the Australian lower coal-measures” P 

In the last publication, Mines and Minerals of New South Wales, there is ^jjjiup- 
plementary Report by Mr. John Mackenzie on the New South Wales coal-fields, in which 
on Section b , is a sketch-section from Newcastle to Port Booral, about thirty miles long. 
In this the difference in the fossil remains of the upper and lower portions of the coal- 
measures is plainly indicated, and also that the upper portion and lower portion are, besides 
all the differences, slightly discordant. 

This may be enough for the present paper ; some more material would clear off the 
matter still better. But already from this we see that there is a greaF difference between 
the upper and lower portions of the coal-measures in Australia, the former containing 
only flora of mesozoic affinities, the latter prevailingly a carboniferous fauna, by which they 
are in connection with the beds below, although some plant forms begin in them, which 
afterwards are much more developed ; but no Schizoneura , no siugle-pinnate Neuropteris, 
»o Sagenopteris, no Voltsia, no Albertia, etc., are found. 

Our Damuda flora could, at all events, only be compared with this upper portion, and 
only through the Glossopteris and Vertebraria, our flora being much more numerous. 
But, as I have said, there is perhaps only owe species common; the Australian Verteb - 
j * aria seems to differ from ours, and* the Phyllotheca in Australia is as well related 

jj . n . i; l MMT l . p i w l <s »i W . r . l — . - 
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with ours as with that from the Italian Oolite, while in our Damuda flora all the other 
plants are mesozoic and most of them triassic. 

That the upper beds in Australia — Wianamatta, Hawkesbery— -and the upper Newcastle 
coal-beds form a connected series is also shown by the occurrence of the same fish, which 
is not found in the lower strata. 

The following table may illustrate the relations : — 


Europe. 

Carboniferous 
Carboniferous 
Devonian ? 


Lower Gondwanas in India. 


Panchet group. 

(Flora and Pep till a). a ' 

Damuda group. 

Flora only. 

b. 


Coal-measures in Australia. 


Tipper coal-measures. All the 
strata, as I enumerated them 
above under 1 , 2, 3, 4, 5, 6. 
Flora only. 

Lower coal-measures. 

Strata below. 

Goonoo-Goonoo. 


VI I. — Flora of the Jabalpur group in Soutii Rewah, near Jabalpur, and in the 

Satpura basin. 

The Jabalpur group, as indicated in a former note ( ante , p. 29), is that upper portion of 
the Gondwuna series covering a large area iu South Rewah and also in the Satpuras, the two 
being almost continuously connected by a narrow outcrop skirting the intervening area of 
overlying trap, and passing through Jabalpur at the head of the Narbada valley. It derives 
its name from the place where its fossil plants were first and best known, i. e., Jabalpur. 

Although the stone in which the plants are preserved differs in each of the three 
positions just named, the fossils themselves do not, plainly showing that we have to deal 
with but one formation. These beds were formerly placed on a common horizon with those 
of Rajmalial and Kach ; but, as I have already indicated, these must he separated into two 
groups, an older typified by the Rajmahal group (in the Rajmalial Hills and near Golapili, 
Godavari District), and a newer containing the Kach series, to which the Jabalpur group 
belongs, the fossils of both being identical. 

The fact of the Kach and the Jabalpur strata being placed with the Rajmahal group, 
which has long sinmfeeen recognised as most probably Liassic, would, however, show that 
from the first the fossil plants ot'Kach have not boon considered of so young an age as has 
lately been inferred from some of the associated marine fossils. When I examined the Kach 
flora I was not acquainted with that of the Jabalpfir group ; but although geographically 
intermediate between Kach and Rajmahal, and thus presumably likely to exhibit a blending 
of the flora had there been any community of boiizon, as was formerly supposed, the Jabal- 
pur flora is specifically the same as that of Kach, and confirms the conclusions I had arrived 
at regarding the age of the rocks, Some recent discoveries in the Godavari region,* where 
Jabalpur plants have been found together with reptilian remains and liassic fishes, tend 
to support those conclusions, as opposed to'the impression made from the Cephalopoda of the 
Kach strata. 


* HugUys ; supra, p. 80 . 
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Peeopteris Australis, McCoy., Sphenopteris, Taniopteris Daintreei, McCoy., 
Zamites ellipticus, McCoy. 

Phyllotheca Australis , McCoy. — Here we have real Phyllotheca with 
T<eniopt. Daintreei , McCoy. 

4. From the Wianamatta and Hawkesbery, we have mostly Dichopteris, Thinn- 
feldia, Peeopteris odontopteroides , Morr., Taniopteris, etc. ; and in both 
the same genus of a fish. 

5. From Clarence River District. — Taniopteris with narrow leaves, and a coni- 
ferous branch, to which Mr. Clarke himself marked ?Voltsia . 

6. Bowenfels and Newcastle. — Here the flora is mostly developed : Vertebraria, 
real Phyllotheca, many Glossopteris (but very few identical with those 
of India), mostly Gloss . Browniana , Bgt., coniferous' plants near the 
mesozoic Erhinostrobus, coniferous seed-vessels and others, but no animal 
fossils, nor lower carboniferous plants. 

b , — Lower coal-measures — 

I have seen Taniopteris near Taniopt. Ecicardi , Germ., Glossopteris, small 
specimens : besides these, there are quoted Phyllotheca and Noeggerathia . 
With these are associated carboniferous fossils. 

c. — Strata below — with Cyclostigma Kiltorkanum, Haught., Bhacopteris , Spheno - 

phylhim (real palaeozoic form). These I have seen myself. And again 
a palaeozoic (carboniferous) fauna. 

From this we see the following : — Only the strata sub. b can claim a palaeozoic age, 
containing a prevailingly carboniferous fauna, which already in c occurs together with 
a palaeozoic flora. The flora in b is very poor, containing only few forms, which* are so 
frequent in the upper strata ; and to use Mr. Clarke’s words about the Glossopteris , we may 
say : “ There (in the Australian lower coal-beds) it clearly does not govern, but must be 
subordinate to the fauna;” and further he says, “ why might it (Glossopteris) not'pass into 
secondary rocks without denying its existence in the Australian lower coal-measures” P 

In the last publication, Mines and Minerals of New South Wales, there is ^Sup- 
plementary Report by Mr. John Mackenzie on the New South Wales coal-fields, in which 
on Section b , is a sketch-section from Newcastle to Port Booral, about thirty miles long. 
In this the difference in the fossil remains of the upper and lower portions of the coal- 
measures is plainly indicated, and also that the upper portion and lower portion are, besides 
all the differences, slightly discordant, 

This may be enough for the present paper ; some more material would clear off the 
matter still better. But already from this we see that there is a greaF difference between 
the upper and lower portions of the coal-measures in Australia, the former containing 
only flora of mesozoic affinities, the latter prevailingly a carboniferous fauna, by which they 
are in connection with the beds below, although some plant forms begin in them, which 
afterwards are much more developed ; but no Schizoneura, no single-pinnate Neuropteris, 
no Sagenopteris, no Voltzia, no Albertia, etc., are found. 

Our Damuda flora could, at all events, only be compared with this upper portion, and 
only through the Glossopteris and Vertebraria, our flora being much more numerous. 

- pufc : ; .us , I have said, there is perhaps only one species common ; the Australian Verteb- 
);$o differ from ours, and the Phyllotheca in Australia is as well related 

- 1 1 — - — — - — - 
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witli ours as with that from the Italian Oolite, while iu our Damuda flora all the other 
plants are mesozoic and most of them triassic. 

That the upper beds in Australia — Wianamafcta, Hawkesbery — and the upper Newcastle 
coal-beds form a connected series is also shown by the occurrence of the same fish, which 
is not found in the lower strata. 

The following table may illustrate the relations : — 


Europe. 

Lower Gondwan&s in India. 

Coal-measures In Australia. 

!£!£* "J UrperlM*... 

bSLKS} 1 — 

Carboniferous 

Carboniferous 

Devonian ? ... ... 

% 

( Panchet group. 

( (Flora and Reptilia). 

( Damuda group, 

(_ Flora only. 

Ml 

• M ••• 

a. Upper coal-measures. All the 

strata, as I enumerated them 
[ above under 1, 2, 3, 4, 5, 6. 

Flora only. 

b. Lower coal-measures . 

Strata below. 

Ooonoo-Ooonoo • 


VII. — Floba of this Jabalpvjb qboup tit South Rewah, neab Jabalfijb, and in the 

Satpuba basin. * 

The Jabalpur group, as indicated in a former note (ante, p. 29), is that upper portion of 
the Gondwana series covering a largo area in South Rewah and also in the Satpuras, the two 
being almost continuously connected by a narrow outcrop skirting the intervening area of 
overlying trap, and passing through Jabalpur at the head of the Narbada valley. It derives 
its name from the place where its fossil plants were first and best known, i. e., Jabalpur. 

Although the stone in which the plants are preserved differs in each of the three 
positions just named, the fossils themselves do not, plainly showing that we have to deal 
with but one formation. These beds were formerly placed on a common horizon with those 
of Rajinahal and Kach ; but, as I have already indicated, these must he separated into two 
groups, an older typified by the Rajmahal group (in the Rajmahal Hills and near Golapili, 
Godavari District), and a newer containing the Kach series, to which the Jabalpur group 
belongs, the fossils of both being identical. 

The fact of the Kach and the J abalpdr strata being placed with the Rajmahal group , 
which has long sin^^eon recognised as most probably Liassic, would, however, show that 
from the first the fossil plants of 'Kach have not been considered of so young an age as bas 
lately been inferred from some of the associated marine fossils. When I examined the Kach 
flora I was not acquainted with that of the Jab&lpfir group ; but although geographically 
intermediate between Kach and Rajmahal, and thus presumably likely to exhibit a blending 
of the flora had there been any community of horizon, as was formerly supposed, the Jabal- 
pur flora is specifically the same as that of Kach, and confirms the conclusions I had arrived 
at regarding the age of the rocks* Some recent discoveries in the Godavari region, 5 * where 
Jabalpur plants have been found together with reptilian remains and liassic fishes, tend 
to support those conclusions, as opposed to*the impression made from the Cephalopoda of the 
Each strata. 


* Huglius $ tvpra, p. 86, 
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The flora of the Jabalpur group is more numerous than that of the Kach beds, but it 
exhibits the same character and some of the same peculiarities. 1 will proceed now to 
describe the plant remains. 

A . — JEQ UISETA CEJE. 

As in Kach, we find also in the Jabalpur group a complete want of any plants of this 
order; but I think the jur as sic period, above the lias, did not, on the whole, abound in 
equisetaceous plants, the scarcity of them also marking the whole cretaceous epoch until 
they become again more frequent in the tertiary rocks. 

Even in our lias sic Rajmahal group the equisetaceous plants were very rare and 
represented only by Equisetum Rajmahalense , Schimp., from the Rajmahal Hills ; while in 
the P an chet group and Damn da series the frequence of equisetaceous plants is represented 
by the very triassic Sckizoneura , Schimp. 

B.—FILICES. 

In the Jabalpur group ferns are much more frequent than in Kach, and altogether 
better preserved, the rock being less sandy and micaceous. With the new species I will give 
a short diagnosis and will indicate shortly the relations, not omitting relations with older 
fossils than jurassic. 

I. — Sphenopterides. 

There is only one species closely allied to a form in Europe only known in the oolite. 

1 . — Sjphenopteris arguta, Lindl. and Hutt. 

There is little doubt that our specimen must be referred to this species, its greater size 
only made n^e hesitate to identify it completely, but the whole habit and form of the leaf, &c., 
agree. From the Salpura basin. 

II. — Neubopterides. 

Hone of the real Neuropteris have been found, but there is another plant which is 
generally brought in connection with Neuropterides ; it is a Cyclopteris , Bgfc., and belongs to 
that division, distinguished by the name Baiera , Braun., which does not indicate more than a 
mesozoic Cyclopteris , Bgt. 

1 . — Cyclopteris lobata , Fstm. [Compar. Cyclopt. ( Bajera ) digitata, L. and II.] 

Folia semicircularia, basi emarginata , cordata (?) margine lobate , lob is (laciniis) nt 
videtur deniiculatis ; nereis e basi foliorum radiatim usque ad marginem eggredientibus , 
dichotomis , ranmlis repetito furcatis . 

This species already considered by Dr. Oldham a Cyclopteris belongs indeed to this 
genus in the real sense of Brougni&rts Cyclopteris* of which some mesozoic forms were 
subsequently ranged with Baiera, Br. ; while those specimens from the Rajmahal Hills, which 
I have called Cyclopteris Oldhami , Fstm.,* belong to the sub-genus Cor diop tens, Schimp. 

Our specimen from Jabalpur resembles that form described by Dr. Schenk as Dicranop - 
teris Romeri, Schenk, f which is also a Cyclopteris and from rhse tic beds. The only 
difference I see is in the slightly thinner veins. On the other hand it is scaroely to be 
distinguished from Cyclopt, (Baiera) digitata , L. and H., from the lower oolite in 
England; especially Bindley and Hutton, pi. 63, f. 1, and Brongniart, Hist. d. vlgdt, tab. 

61 bis., f* 2. Our specimen seems to me not to be so deeply lobed. 

; ■ x+f ■ 

I *y*ffr* t * —— 1— 1 — ■ »■» ” 

;! /•<',? \*\ r ' , , • BtfCOitis, Geo). Surr., led., 1876, Vol, IX, 2 p. 35. 

' t Mow to GrsMscbloiMa, 4c., 1887, p. 1«; fl XXI, l 9. 
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We have here also again a form which begins in rluutic and goes into lower oolite. 
Oui; specimen is allied with both. From Jabalpur. * 

> 

III. — Pecoptbbidks. 

This family is pretty frequently represented ; it also occurs both in Kach and iu the 
Rajmahal series. 

Group of Alethopteris Whitby ends, Gopp. 

Two forms represent this group, which is essentially lower Jurassic. 

1. — Alethopteris Medlicottiana, Oldh. 

Fronde tripinata , pinnis retnotis patentibus , pinnulis integris , striafis ; c bad latiorc 
lanceolatis , acuminates basi paulum subdecurrentibus, fere eontingenlibus. Ncrvo medio 
distincto, nereis secundariis sub angulo acuto aggredientibus dichotomies . — (Diagnosis 
given by me). 

This specimen was recognised already by Dr. Oldham as differing from the others of 
this group. He proposed the name as above, which I will not. change, although it has 
never been published, and I find it only in pencil on the original drawing. 

Our species differs from the allied forms in the pinnules, which begin with a broad base, 
hut become much narrower, giving the whole plant a peculiar appearance ; it may be closely 
allied with Peeopt. ligata , Pliill * 

2. — Alethopteris Whitbyensis, Gopp. 

This species we know already from Kach ; in the present region it is more common 
and especially in the form described formerly by Brongniart as Pecopteris tenuis, \ which 
has, however, already been united by Unger and others with Alethopteris Whitbyensis , Gopp. 

As I have said, M. SchimperJ placed all these related forms to the group Alethopteris 
Whitbyensis , Gopp., considering it a truly jurassic type. 

Mr. Saporta has done the same ; only he established for all these allied forms a new 
genus, Cladophlebis, Sap., which would then contain the following species : — 

Alethopteris Kossevti , Aleth . Whitbyensis , dentata , Phillip si, harbumensis , arguta , 
recentior , ntbbensis, fyc., Sfc ., establishing for all these a close relation, as I have shown in 
my Kach flora. * 

Our specimens of Alethopt. Whitbyensis, Gopp., are from the Satpurp, basin. 

3. — Pecopteris comp. Murray ana, Bgt. 

A specimen from Jabalpur recalls this lower oolitic species. I found the same 
determination written by Dr. Oldham on the original drawing, which I will use in my 
detailed paper. 

Of the Pecopterides, therefore, all three species indicate a lower oolitic age. 
One is also found in Kach. 

IV. — 1 Tjbnioptebides. 

Only some fragments represent this family, indicating one of those forms which 
Schimper placed in his subgenus Macroteeniopteris , reserving Tmniopteris for the 
Palaeozoic forms ; amongst these, however, are also some which oould be taken as Macro, 
taniopteris , Schimp. I only recall the specimen described thirty years ago by Gutbier as 
» 

* Phillips' Geology of Yorkshire, III Edit., PI. VUI, f, 74. 
t Hist. d< vdnret. loss., 1 m, PI. U0, f. 4. 
t Trait, de Pal. vdgdt, 1669, Yol. I, p. 360, 
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Tceniopteris ah nor mis, Gutb.,* and which also Schimper has placed with Taniopteris , Bgt. 
Bfit Dr. Sterzelf in Chemnitz, finding this species very closely allied with the rh&tic 
Macrot gigantea, Schenk., and with the liassic species from the Eajmahal Hills {Macrot. 
lata , Oldh. Mor., Maci'ot. Muscefolia , Oldh. Mor. (not Bunbury), and Macrot. Morrisi , Oldh. 
(only partly)] has regarded it also as Macrotceniopteris, Schimp. Dr. Sterzel says about 
these species, so closely allied with Tceniopt. ahnormis, Gutb., that there is scarcely any 
difference and only the formation separates them. For me it is a great satisfaction to 
see forms, which I have declared to be liassic, so nearly related with a Permian one. 
The close relationship of Macrot . lata , Oldh. Mor., from the Eajmahal Hills with Macrot . 
gigantea , Schenk., from r has tic, I mentioned already in my first note,J and will discuss 
it more closely in my Eajmahal Flora. 

Altogether, Ma cro teen top ter is, Schimp., contains mostly representatives of lower 
jurassic forms. 

1. — Macrotmniopteris Satpurensis, Fstm. 

Fronde latissima, ut videtur tenera ; nereis secundariis approximate , rectissimis, 
plurimis indivisis non nullis solum fur catis. 

Our specimen is quito fragmentary — only a portion of the leaf-surface is preserved,— 
but the veins are so peculiar that it can be distinguished by this character — of course 
scarcely as a peculiar species, only as a variety ; it is rather related with those forms 
described from the Eajmahal Hills, which differ only in having the venation more separated. 

Our specimen is from the Satpura basin. 

V.— Dictyoptebides. 

Genus : Sagbnoptebis, Bgt. 

1. — Sagenopteris comp. Phillipsi , Lindl. & Hutt. 

Bindley and Hutton first described this species as Glossopt. Phillipsi, § while Prof. 
Phillips has mentioned it as Pecopt . paucifolia. || In his last edition of the Geology 
of Yorkshire, however, he uses the name Glossopteris Phillipsi, L. & H. In M. Brong- 
niart/s Hist. d. v<?g., pi. 63, f. 2, we find also two figures of Glossopt . Phillipsi, L. & H., 
agreeing only with, Phillip's figure (III. edit., pi. VIII) ; and both of these differ from 
Bindley and Huttons original figure.^ 

Bater, Brongniart's and Phillip's figures have been correctly placed by Schenk and 
Schimper again in Sagenopteris , Bgt.,** as Sagenopt. Phillipsi , Schenk., ft where Bindley 
and Hutton's varioty is to be placed also. But Schimper does not mention that Sagenop- 
teris begins, as is known, in the rhsetic and continues in the lower oolite, 

Bately I succeeded in getting some species of Sagenopteris out of the Damudas, on© 
of which is strikingly near to Sagenopt rhoifoUa, PresL, from rhsetic (see further on). 


* Gutbier * Versteinor ungen, etc., 1887, 1, p. 71-73. 

t Jahrb. f. Min. Geol. Fatseont., 1878, Uber die Teenioptcridcn v. Chemnitz, p, 369, etc., pi, y, yU 
t Bee. Geol. Snrv. lad., 1876, N. II. 

§ Fo^, Flora of Gr. Brit., Vol. I, pi. 83. # 

U Geology ^ Yorkshire, 1 and II edit., Tafcd$U, 1 8. 

fiteeazschiehten, p. 104. 

; 'ft AlaoCottut Ca&p. Sternberg in FI, d. Vorw, II., p. 166, knew the name Sagenopt, Phillipsi, 
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Prom the Jabalpur group there is a pinna , of which the veins are disposed in the 
flame manner as in Sagenopt. Phillipsi , especially in Brongninrt’s figure 2, tab. 63 (Hisi.). 
Our specimen is narrower and longer, the midrib q\iite distinct, the secondary veins 
passing out of it at an acute angle, are once or twice dichotomous, and join again quite 
close to the margin. From Jabalpur, 

In considering the ferns found in the Jabalpur group, we have mostly such forms 
•as are found in Europe in the lower oolite, thus : 

1. — Sphenopteris comp, arguta , L. & H. — In England a lower oolitic species. 

2. — Cyclopteris lobata, Fstrn. — Nearly identical witli Cyclopteris digital a, L . & H., 

which is lower oolitic in England. 

3. — Alethopteris Whitby ensis, Gopp, — A lower oolitic species in England. 

4. — Pecopteris comp. Murrayana t Bgt.— In England a lower oolitic species. 

6. — S 'agenopteris comp. Phillipsi , Schenk. — A lower oolitic species in Europe. 

C. — CYCADEA CEJE. 

In the Jabalpur group we find the Cycadeacece pretty abundant, more so than in 
Kacb, and with other genera ; hut here again the genus Ptilophyllum , Morr., is found. 

Some of the species are true lower oolitic forms ; one is liassic. 

I.— Zamie^:. 

This family alone is represented in the Jabalpur group, but very frequently. 1 shall 
use the generic names as Schimper used them in his Paleont. vdgetale, and as they are 
also generally acknowledged. 

1. — Podozamites (Zamia-Zamites) lanceolatus i L. H. # 

There occur very many detached leaves, long and lanceolate, angustate a little at 
their base, acuminate on their apex, and with numerous veins. They are identical with 
Zamia lanceolatafi L. & H., or Podozamites lanceolatus , Schimp.J 

This is a lower oolitic species, where it has the same place and importance that 
Podozamites distans , Presl.§ has in tho rhsetic ; the veins of the latter, however, are 
rarer and thicker. 

We know this species from all three districts— South Rewah, Jabalpur, and Satpura 
basin. 

2. — Podozamites spathulatus, Fstm. 

Foliis brevioribus , ovato lanceolatis , basi attennatis , spathulalis , nereis panels , 
simplicibus. 

This form is shorter, ovate towards the apex, and the veins are more distant from 
each other ; in this character this species approaches more to Podoz . distans , Presl., of the 
rhrotic. From South Rewah— 

3. — Podozamites Hacketi , Fstm* 

• Fobs. Flora of Gr* Brit, Yol. III., pi. 194. * 

t Trait* d. Pal. vdgdt, Yol. II, p, 159. 

t Presl. in Sternberg Ver. II, p, 196, Tab. 41, f 1 1 Schenk. Flor. d* Grenxiohicfcten, p. 159, Tab. 35, f. 10, etc. 
Schimper Pal. vdfflt, Vol, II, p* 100. 
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Fivndc latiusrula, rhachide crassiore,foliolis (pinnis) approximates, oblonge lanreola . 
ti a\ aeuminati * , hast angtistatis* subopposilis, oblique inserth) nervu creberrimii, ut 
t ndelur simplicibus ; media in parte costa subdistincta longitudinali e basi usque ad 
apicem cur rente. 

Two specimens of this species have been brought by Mr. Haclcet, which differ from 
the former in the arrangement of the leaves, their form* the rigidity and disposition of 
the veins. 

Our specimens are so closely allied to Mr. McCoy's Podozamites Barhlyi,* that the 
want of a decurrent leaf-base and the presence of but one longitudinal rib constitute the 
only difference. By the want of the decurrent leafcbase our specimens have less resemblance 
to an Araucaria (or Bowenia) than Mr. McCoy's. (See loco cit .) 

The Australian species is from the Bellarine beds (Victoria), which Mr. McCoy con- 
siders as mesozoic (oolitic), in which I think he is right. 

Our specimens are from the Satpuva basin, and are named after Mr. Bucket (of our 
Survey), who collected them. It is of importauce. 

1. — Otozamites Hidopi (Oldham sp.) Fstm. 

(Zamites His topi) Oldli.,— label on specimen.) 

The genus Otozamites is frequent enough in the Jabalpur group, together with 
Ptilophyllum , Morr. The species above is a very good one, and has been named so by Dr. 
Oldham himself, for which reason I have kept the specific name, placing it among Otozamites 
to which it appears properly to belong. There is, however, no description of this species 
anywhere. The name is written only with pencil on the label of the specimen. The diagnosis 
I give myself. 

Foliis latiusculis, apicem versus attenuatis ; rhachide ut videtur tenui ; pinnis 
rltachidis superficiem tegentihus , alternantibus, basi latioribus , apicemquc versus attenu - 
antibusy apice paulo sursam incurvatis obtusis ; basi obtuse auricula ta, i ndistincta cordata, 
puncto uno tantum inserta ; nervis e basi radiatim in folia currentibus, distincte repetito 
furcatis . 

In the form of the leaf-base and in the manner of insertion, it resembles quite closely 
Otozamites Goldicei , Bgt.,f but the leaves are much shorter and more obtuse. 

In the Kach flora I have described one form as very near to Of os. Goldieei, Bgt., from 
Kukurbit ; it may stand between our Otoz. Hidopi , Oldh. sp., and the true Otozamites 
Goldicei , Bgt. 

Our specimen is from the Sher river, Satpura basin. 

Besides this species there are several other species of Otozamites , Br., of which I will 
only mention one as important. 

2. — Otozamites comp, gracilis (Kurr sp.) Schimp. 

Kurr described this species first as Zamites gracilis ;$ it is from the sohist with 
poddonia of the Upper Lias near Ohmden in Wurtemberg. 

Schimper described it as Otozamites, and this is the only species with which he could 
compare Our Ptilophyllum. He says in his Paldontologie vdgdfcale : w Cette espies rappelle 

(i > •■■■ ; . "y . n r * »’ — - — - ■ »■ — - — — — ■— 

* Prodromes Of the Pel of Victoria, Decade I, p, 33, PL VHI. f. 1, 2, & 

: ‘it *0*. <** flwwMJ*, Paleotttriogie fr an$. Pl. XCV. ft l, from lower oolite is England, YorkeMre. 

: %'JM3 iiMW t&m Piers der Juraf. \\ nrtemberge, 1803, p. II, pl. I, ft ft 
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unpeu le genre Ptilophyllum des Indes And we have this liassic species in our Jabalpur 
group, which is of the same age as the Kach series, 

i 

There are about three or four specimens which closely resemble Ptilophyllum cutchense, 
Morr. ; but they have no decurrent leaflets ; the base of the leaflets is a little broader, sub- 
auricled, and subcordate, attached by the middle of the base only, the veins radiating in the 
leaflets, and forked within ; the leaflets closely set, alternating, having evidently all the 
characters of Otozamites , Br., in which class Schimper has therefore rightly placed it. Dr. 
Oldham had already determined it correctly. 

It still further proves the early age of our Jabalpur and Kach series. Our specimens 
are from the Sher river in the Satpura basin. 

1 . — Ptilophyllum ., Morr. ( Palceozamia , JRndl.). 

This common genus of the upper portion of the Gondwana series occurs, and shows 
again the relation of this group with the others as belonging to the same epoch. Ptiloph . 
acutifolium , Morr., is the prevailing form. 

The only related form of Ptilophylhim , Schimper finds, as I mentioned, with the 
liassic Otozamites gracilis (Kurr.), Schiinp., and just this genus is the most prevailing and 
most characteristic of the upper portion of the Gondwana series. 

Our specimens of Ptilophyllum are from Satpura basin. 

1. — William sonia conf gig as, Carr.f 

I have had occasion to mention this interesting and important genus from the Kach 
series, the Rajmahal series in the Rajmahal Hills, and from Golapili. It occurs also in the 
Jabalpur group. 

In pi. 53, f. 15, Mr. Williamson gives a section of the restored involucrum , with 
smooth pyriform axis supporting a superficial layer of oblong cells arranged vertically on 
its outer surface, and with this our specimen from the Jabalpdr group agrees quite well, 
only that the layer of cells seemB to be broader in the upper part. Outside, several of the 
lanceolate scales are well seen. I will range our specimens provisionally as Williamsonia 
comp, gigas , Carr. From the Satpura basin. 

We have therefore amongst the Cycadeacece the following species of great importance : 

1. — Podozamites lanceolatus , L. & H. sp. Very frequent in all three districts; a 
lower oolitic species in England ; represented in the rhsetic by Fodozam. distans , Presl. 

2. — Podozamites Hacketi, Fstm., from the Satpura basin. Nearly identical with the 
Australian Podoz. Barklyi , McCoy from mesozoic (oolite). 

3 . — Otozamites comp, gracilis , Kurr.,J from the Satpura basin. In Europe an upper 
liassic form, related a little to Ptilophyllum , Morr. 

A-*- Ptilophyllum acutifolium , Morr*, from the Satpura basin. Prevailing in the 
Rajmahal series. 

6.— Williamsonia comp , gigas, Carr., from the Satpura basin. In England specially 
a lower oolotic species. 


• Vol. Il„ p. 171. 

f Williamson : Transact. Linn. See. Vol. XXVI, PI. 62, 63 ; Carrutliora Transact. Lina. Sou., Vol. XXVI, 
% Also Dr. Oldham determined it to be this species. 
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D.—CONIFEBJE. 

t 

In this class are again some very f typical lower oolitic plants, as wo have found also 
in Kach ; one species expressing the relation of these beds with the other members of the 
upper portion of the Gondwana series. 

1 .—Palissya indica, Fstm.( Oldh. & Morr. sp.).* 

j Ramis distichis alternantibus, foliatis, foliis linearibvs patentibus alternis, in pul - 
vinulo decurrentibus distinctissime sessilibus nervo distincto e basi uno sulcis ducibus 
profundioribus limitato (fonctificatione non obvia). 

Of the same plant which Dr. Oldham and Prof. Morris figured from the Rajmahal 
Hills, and which I found later among the Kach flora and from Golapili, some very good 
specimens occur also in the Jabalpur group, one of which MM. Oldham and Morris figured 
already in their Rajmahal Flora (1. c.) as Taxodites indicus , 0. & M. But later Dr. Oldham 
himself recognised it to be a Palissya, and I will use his specific name. But as MM. Oldham 
and Morris have given no diagnosis, nor any description, I supply the want. It is very near 
to Palissya Brauni , Endl., from the rh retie. From tho Satpura basin. 

2 . -—Palissya Jabalpurensis , Fstm. 

Ramis distichis (?) ; crassioribus foliorum pulvinulis tectis ramulis foliatis ; foliis 
cequalibus , oblong e lanceolato-ovalibus, patentibus , remotiusculis ; basi constrict is, 
distincte decurrentibus , pulvinulis oblongis insidentibus ; nervo ut videlur unico medio . 
A men tis in certis. 

This species is very characteristic of the Jabalpur group, and, till now, known only in 
it; it has the same importance here a* Pa Ussy a conferta , Fstm., in the Rajmahal series. 
Through this species and one other coniferous plant ( Auracartites Kacheusis. Fstm.), I have 
recognised the Ceratodus beds of the Godavari region as belonging to our Jabulpur 
group.f From Jabalpur. 

3. — Brachyphyllum mamillare , L. & H. 

I take this fossil in the sense of Lindley and Hutton J, who figured on PI. 188 and 219 
two specimens. Mr. Schimper thought these forms different from that described by Brong- 
niart and called the British species Brachyphyllum Phillips i, Schimp. § ; still I take 
these specimens to be Brachyphyllum mamillare , L. & H. 

Our specimens are pretty frequent and do not differ in anything from the English lower 
oolitic species. Dr. Oldham himself has already written on. the figures of some specimens, 
which I found drawn, the determination : Brachyphyllum mamillare , L. & H., which they 
really are. From Jabalpur. 

4. — Pchinostrobus expansus , Schimp. 

Of this species, so frequent in Kach, several specimens occur. One specially is very 
well preserved, showing a pretty large branch with branchlets and the characteristic leaves. 
It is much more complete than any of those from Kach, and, I should say, than any of those 
figured. While our specimens from Kach agree more with Phillips’ figures ||, this specimen 
from the Jabulpur group agrees better with Sternberg’s^ 

V TwoSitot indicia, Oldh., Morr. Rajra. Flora, FI. XXXIII. f. 6-Figure only. 

f See MEt, Hughe* ; Bee. Geolog. bur. IniL, 1870, N HI* 

t fitter* of Hr. Brit* Pi. 188, 219. 

n. m, p. m 

. * , { ■' tmiH te, ML HI. Ed., pi x. t it 

' ■ imWm *• •$*»• 1 1 * a. 
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From South Rewah and the Satpura basin. 

t 

•5. — Araucarites Kachensis , Fstm. 

• 

I gave this name to seeds which were pretty frequent among the Each fossils and 
which are very closely allied to Mr. Phillips’ “ Winged seed,”* described later by Carruthers 
as belonging to Araucarites , with the name Araucar , Phillips i, Oarr.f Those from 
Each I called Araucarites Kachensis , Fstm.,J in order to distinguish them, although they 
are very like those from England. In the Jabalpur group they also occur very frequently, 
and they are the same as in Each, so that I shall call them by the same name. 

Besides Palissya Jabalpuretisis , Fstm,, Mr. Hughes found this species in the Wurdha 
coal-field, near Nawgaon. I was, therefore, able to determine this group with certainty. 

From South Rewah, Jabalpur, and the Satpura basin. 

Besides these species mentioned, there occur some more coniferous plants that seem to 
be peculiar, although allied with one or the other of those described. 

Amongst the coniferous plants there are, therefore — 

1. — Palissya indica , Fstm. — an Indian type. 

2. — Palissya Jabalpur ensis, Fstm., characteristic of the group. 

3. — Brachyphyllum mamillare , L. & H. 

4. — J Echinostrobus expansile, Schimp. 

5. — Araucarites Kachensis, Fstm. — the three last are lower oolitic forms in 

England and elsewhere. 

Altogether I have now mentioned nineteen species of fossil plants, which may rise to about 
twe nty-four or a little more when I add the species as yet not mentioned. I would here only 
discuss those that are best determined and correctly compared with other well known forms. 

From these nineteen mentioned species there are — 

a. — Identical or very closely allied with English lower oolitic species — 

1. — Cyclopteris lobata . Fstm., — scarcely different from Cyclopteris Patera digitata , 

L. & H. 

2. — Alethopteris Whitbyensis , Gopp. 

3. — Pecopteris Murrayana , Bgt. 

4. — Sagenopteris comp., Phillips, Schenk. 

5. — Sphenopteris comp . arguta, L, & H. 

6. — Podozamites lanceolatus , L. & H. 

7. — Williamsonia comp . gig as, Carr. 

8. — Brachyphyllum mamillare, L. & H. 

9. — Echinostrobus expansus, Schimp. 

10 . — Araucarites Kachensis, Fstm., near Araucar . Phillipsi, Carr. 

Of the other nine species there are— 

b . — An upper liassio form : — 

h—Otozamites gracilis, Eurrsp.— from Upper Lias near Ohmden in Wurtemberg— 
the only ally of our Ptilophyllum, Morr. 

# i 

* Geology of Yorkshire, II, Edition, PI., x., f. fi. 
f Carruthers, Geolog. Magaz., 1869, Vol. VI, , p. 6, PI, II, f, 7—9, 

% Kach Flora, Palttontol. India, 1876. 
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c. — An Australian type 

1 . — Podozamites EacJceti , Fstm. — strikingly close to Podos. Barklyi , McCoy— 
from Ballarine Rocks (Mesozoic — Oolitic) in Australia. 

d. — Two species are Indian types 

1. — Ptilophyllum acutifolium , Morr. — in the whole range of the Upper Gondwana 

series. 

2. — Palissya indica , Fstm. — common in the upper portion of the Gondwana series, 

as in Kach, and in the Rajmahal Hills and Golapili. 

e. — One species is peculiar to the group. 

1. — Palissya Jabalpurensis , Fstm. Known only in these beds. 

There are therefore — 

10 species lower oolitic. 

1 upper liassic. 

2 of Indian types. 

1 characteristic of the group. 

1 Australian (oolitic) type. 

The other four are peculiar, but more or less allied with those already mentioned. 

If we compare this flora with the other Indian local floras, it has the nearest relation 
with that of Kach. 

Species identical with those in Kach— 

1. Alethopteris Whitbyensis , Gopp. 

2. Ptilophyllum acut folium, Morr. 

3. Wtlliamsonia , Carr, genus. 

4. Palissya indica , Fstm. 

5. Echinostrobus expansus , Schimp. 

6. Araucarites Knchensis , Fstm. (abundant). 

Species identical with those of the Rajmahal series — 

1. Sphenopteris arguta , L. A H. (an oolitic species). 

2. Ptilophyllum acutifolium, Morr. (Indian type). 

3. Williamsonia , Carr, genus. 

4. Palissya indica , Fstm. (Indian tpye). 

Species identical with those in the beds with Ceratodus , Ac, in the Godavari region ; 
only two species have been found, and both are Jabalpur forms — 

1. Palissya Jabalpur ensis, Fstm. 

2. Araucarites Kachensis , Fstm. 

From these considerations the following conclusions may, I think, be drawn 

1. The prevailing fossils are essentially of such kind as we find generally in lower 
oolite, agreeing with those from Yorkshire; we will therefore have to 
consider our Jabalpdr group rise of the same age. This conclusion is 
strengthened— * 

% th* occurrence of one distinctly liassic species, Otozamites gracilis, 
tm* p. ' 
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3. By the occurrence of the same group iu the Wurdha coal-field with fish and 

. reptilian remains, hitherto believed to be luwmic. 

4 

4. Amongst the Indian local floras that of the Jabalpur group has most species 

common with the Kach flora, suggesting their close correspondence as to 
age, so that — 

5. AH conclusions which can be arrived at about the age of the Jabalpur group 

may so far be also applied to the Kach series. 

Remains of Lepidotus and of Hyperodctpedon have also been found in the Cerafodus 
beds, indicating the same liassic formation. 

In a greyish-red fine sandstone beneath the Ceratodus beds of Kota Mr. King found 
some plant remains which I think to be Palissya conferta , Fstm. This species being 
characteristic of the llajmahal series, it would seem that this horizon also may he distin- 
guishable in that region. 

I may here remark that from a cursory inspection I have made of the Kach collections, 
I do not think they will hear out the inferences based upon the Cephalopoda as to the 
Tithonian horizon of the upper members of the series. 


VIII. — Descriptions of new and discussions of some already known but 

IMPORTANT SPECIES FROM THE GONDWANA SERIES* 

In the following pages are given the descriptions of some new species, which to 
the date of the publication of my former papers were not known to me, although for some 
years in our collections. During the thorough rearrangement of the Musuein they have 
been found, and prove very important for further evidence as to the determination of age. 
Also some species, which were already formerly known, but which occur again in better 
specimens. 

A. — A new Rkatic form of Pterophyllum , Bgt., in the Rajmahal Rills. 

Amongst those species which are described by Oldham and Morris, f we find already 
one form which approaches a rheetic species (t. Pieroph. Princeps , 0. M., very near to 
Pt. Braunsi, Sch.) ; another has even connections in the Permian formation. 

I have now to report on another rhsetic species— 

Pterophyllum comp, propinquum , Gopp. 

1844. Goppert ; Uber foes. Cycadeen, eto. Verh. d, Sohles. Gesellach., p. 132 AT., Tab. I. f. 5. 

1867. Schenk : Flora der Gronzsch., p. 215. 

In the above quoted paper Mr. Goppert described a true Pterophyllum , Gopp., Which 
is especially remarkable by the distant, pretty equal leaflets, passing out from the Rhavhis 
nearly quite straightly. He designated it first as from Jurassic rooks, which, however, 
afterwards proved to be rhsetic (in consequence of the examinations of Mr. Schenk and 
F. Rimer). 

Amongst the specimens of the older collections of Rajmahal plants in our Museum, 
there is a (rather fragmentary) specimen, which by the form and disposition of the leaflets 
can be compared only with Pterophyllum propinquum, Gopp, I cannot discuss it further 

* I think it necessary to Join these descriptions here in a short form, aa l refer to the species in the 
preceding pages ; they will, however, be described and figured more closely in the special papers on the local floras. 

f Patoontol, Indies, 1862 ; Flora of the Rsjmahal Series in the Rajmahal Series, 
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here. I would only state the fact : iu the Rajmahal flora I will give the description and 
figure. It increases again the number of forms in the Rajmahal flora, related .with 
similar in the rluetic formation. The specimen is from Biudrabun, 

V 

B. — Descriptions of new and other species from the lower portion of the Gondwanas. 

In my first paper I have enumerated only the most known species, but as I have 
been obliged to refer in the preceding pages to all the forms of the Damudas, I feel the 
necessity of describing or discussing shortly these fossils now. 

1 . — The Damuda Phyllotkeca connected with the Australian forms and also with that 

from Oolite in Italy . 

Since writing my preliminary paper on the Damuda fossils* I have come across some 
better specimens of a real Phyllotkeca from the Kamthi beds, and also one specimen from 
the Raniganj coal-field. 

Sir C. Bunbury called this Indian Phyllotkeca Ph . Indica ;f but it is related to the 
PhylL from the uppee coal-fields in Australia, J I mean the beds above the first marine 
fauna ; and both are related with the Phyllotkeca of M. de Zigno§ in the Italian Oolite. 

Nothing like this is known in the Permian. This and the coal epoch have their 
own equisetaeeous plants. The Permian epoch has been rather poor in equisetaceous plants, 
while it is known that the Trias period produced them again very abundantly ; iu this 
also our Damuda serieB agree with the Trias. 

The occurrence of the same real Phyllotkeca (Ph. Indica , Bunb.) has not till now been 
mentioned anywhere from the Raniganj coal-field; lately I discovered one specimen of 
this species. 

The great abundance of equisetaceous plants in the Damudas, with prevailing 
Schizoneura , a triassic genus, and with occurrence of the real Phyllotkeca , so frequent in 
the Italian Oolite, would therefore again indicate rather a mesozoic (triassic) age. 

The same Phyllotkeca Australis , McCoy, is also known from Victoria together with 
Tamiopteris Daintreei , McCoy, which latter in Queensland is considered as characteristic 
of the mesozoic (upper) coal beds.|| 

2. — Taniopterides of the Damudas and their connexions*^ 

In my preliminary paper* * § mentioned above, I have already called attention to some 
distinct forms of Tceniopteris , Bgt., which Bhould indicate a connection between the 
Damudas and the Rajmahal Series. Since that time I have examined some other 
specimens, which prove this connection still more, which I will discuss now.** 

a.— That species which Sir C. Bunbury figured 1. c. PI. X, f. 2, with the name Tceniop* 
teris Danmoides (?) McClell., is not, I think, correctly placed. I have got some other speci- 
mens identical with this figure, but they are no Taniopt . danaoidesff (McClell.— -Boyle.) 


* Bo cords Geol. Surv. Ind. f 1876, 17. 8, p. 63 ff. 

t Quart. Jour. Geol. Soc„ XVII., p. 336* Pis. X and XI. 

t McCoy : Amuls of Nat. Hist., Vol-20, p. 162 f. 

§ Zi*no t FJor. foe«. form. Oollth., Pis. VII, VIII. 

(j Dslotree (and C&mithers) on the Geology of Queensland Quar. Jour. Geol. Soo., 1873. 

' f See farther ou the note op Mr. Wood-Mason** fossils. 

, t< , ' *« Mf.Mugfce* assured me several times that he brought some nice specimens of Taniopterisdanaoidet, McOlell* 
fttto I never could find them in our collections* 

; ft 3 Blastr. pot. mid oth, Nat, Hist. Him. Mount., Tab. 2 ; McClelland t Beport. 1618*13, Tab, 15. 
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Scbimper * lias shown another and. perhaps more natural place for it; he took it as 
synonymous with Tceniopt. McClelland i, 0. M., which he placed in his genus Angiop- 
teridium, Schimp. This view becomes quite probable* if we compare Sir 0 Bunbury’s 
drawing (I. c.) with Tceniopt. McClelland i, 0. M. ;f and the other specimens before me 
seem to confirm the determination. 

Sir C. Bunbury’s specimens as well as ours are from Kami hi. 

h . — Besides this there are from the Nagpiir district (Kamthi) several specimens of a 
much bigger Tceniopteris ( Macrotceniopteris ) which have some related forms, hut which 
yet seem to be different* 

The top portion recalls especially Tceniopteris lata , 0. M., 1. c., PI. IV, f. 3. PI. V, 
f. 2. But it belongs to the specimens with which it occurred. It recalls also a little 
Sir C. Bunbury’s Olossopteris muscefolia, Bunb., 1. c. It would agree quite well, only 
that there are no anastomoses at the base of the veins in our specimens, which 
Sir C. Bunbury states to have observed. 

I therefore cannot identify the specimens under discussion with one or the other spe- 
cies mentioned, as there are differences enough to establish a new species, which I will 
describe as following : — 

Maceotjeniopteris Feddeni, Fstrn. 

Fronde simplici speciosissima usque 20 cm. lata } ut videtur, ovato-el ongato-el Uptica ; 
apice obtusa , quando que emarginata , plerumque irregut ariter incisa vel divisa, cun. sis- 
tentia subcuriarea, costa in proportions ad frond is tatitudinem ac mognitudinem tantum 
crassiuscula longitudinaliter striata compressa ; nervis sccundariis creberi intis tenuibus 
summa in parte (apicem versus) sub angulo acute eggreditndhus , nuirginemque versus 
plus sursum arcuatis ; in parte frondis inf error e fere horizontaHbus marginem versus 
pauJo tan fun sursum incurvatis simpUcibus ac fur rat is alternantibus fur cation e aut hi 
ipsa basi aut quod am in parte longitudinis nervorum exhibita . 

I have named this very interesting species after Mr. F. Fedden of our Survey, who 
collected it some years ago in Kamthi . 

Our species holds a middle place between the Permian Tceniopt. ( Macrot.) abnormis , 
Gutb., and the three species of Macrotceniopteris from the Rajmahal Hills, and we have, 
therefore, in our Triassic beds, between the Permian and Jurassic, a Macrotceniopteris. 

We have, therefore, the following species of Tceniopteris in our Damudas — 

Tceniopteris comp. McClellandi , 0. M., from Kamthi. Sir 0. Bunbury’s Tce m 
nidpl. Danceoides ? should be placed here — a Rajmahal species. 

Macrotceniopteris Danceoides , McCl., (Royle)J, from Burdwan (Boyle) from 
Jherra coal-field (Hughes) and from Raniganj, and from Burgo in the Rajmahal 
Hills (our coll.), 

Macrotceniopt Feddeni , Fstm*, the broadest form I know. — From Kamthi. 

If we compare the two Macrotceniopterides of the Damudas with the Permian and 
the Rajmahal forms, we have the following series (regarding the distance of the veins) : — 

1. Macrotceniopteris Danceoides , McCl. — Damuda.— (The widest distance.) 

2 Macrot. lata , 0. M. — Rajmahal Hills. 

8. Macrot Feddeni , Fstm.— Damuda. 

4. Macrot abnormis , Gutb. Peamian. — (The narrowest distance). 

• PftUeont. v6gdt., Vol. I, page 005. 

t Rajmahal Flora. (Oldham and Morris), PI. XXIII, figs, 1, *2, 3, 

% geo farther Mr. Wood-Mason’s collection. 
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3 . — A new Gangamopteris from the Kamthi beds and another from Karharbdri. 

9 

Of the genus Gangamopteris, which McCoy established for some transitions forms 
between Cy clo pterin and Glossopteris , I described already one species in my first note on 
the flora of the Damudas and the Talchir group: I called it Gangamopt . cyclopteroides , 
Fstm.,* on account of the more Cyclopteris- like form of the leaf. From the occurrence of 
this species both in the Bar&kar and Talchir groups, I draw the conclusion that these 
groups are both of the same age, as the Talchir group contained little else than this 
species. McCoy described it first from some rocks in Viotoria, where no marine fossils 
occur, but where Tceniopteris Daintreei , McCoy, is found, which latter in Queensland is 
considered as characteristic of the mesozoic beds there. With these also Fhyllotheea Aus- 
tralis, McCoy, occurred in Victoria. 

Now I have also from the Kamthi beds very closely allied forms ;t they are, however, 
much smaller, seem to have a thicket substance, thicker veins and wider venations, so that 
1 will describe it as a species of its own. Another species, brought lately by Mr. Wood- 
Mason, 1 mention further in the note on the fossils he brought from Kaniganj. 

Gangamoptkbis Hughesi, Fstm. 

Fronde simplici, rotunde uvali , sub coriacea basi ut videtur subcordata , margins 
in ter gr a, mediocriter long a, maxim o specimine 10-i.l cm. longa, 5 cm. lato ; rhachide 
vel nervo medio nullo ; nereis radiatim e basi usque ad marginem currentibus, arcuatis , 
nonnulis mediis , omnibus parte inferiori craseioribus , dehinc omnibus repetito furcatis 
anastomosantibus retia laiiura , breviora formantibus . 

I have called this form after Mr. Hughes of our Survey, who has already collected a 
great many of interesting fossils from the Dainuda series. 

Although de>cribing this fossil by a name of its own, I yet believe it related with that 
species from the lower Damudas and the Talchir group, i. e., Gangamopt. cyclopte- 
roides, Fstm. 

This 'again supports, what I have already supposed, that all the three sub-groups of the 
Damudas, although in reality existing, are yet of the same age, and that the Talchir 
group too is to be subnamed in this epoch. 

Another form must be noticed from the Karharbdri coal-field , it is — 

Gangamoptebis an gusti folia, McCoy. 

18 . Cyvlopteri* angust folia, Me oy : Annals and Magaz. of Nat. Hint., Vol. 20. 9 

18 . GangamopUru anguttfolia, McCoy i Prodrome of Paleontology of Victoria. Dee. 

Amongst those specimens which, as I already mentioned several times, Dr. Stoliczka 
brought from Karharbdri coal-field, is also a specimen which already at that time was 
determined as Cyclopt. angust folia, McCoy, which, however, is now by McCoy himself 
ranged with Gangamopteris , McCoy. 

This Gangamopteris is in Victoria found in certainly mesozoic rocks, being associated 
with Taniopteris Daintreei, McCoy, which is characteristic of mesozoic rocks in Queens- 
land^ 


♦ Records Geol. Sorv. Iud., 1876, N. 3. ■ * t 

t pnpsjf totmmla fo ails (RecTGeol. Srnrv. lad., 1876, N. 3) there 1 b wrongly written 

Specimens from JCampti belong to the same species 1 ' (os Gangamopteris cyclopieroidu, Fstm.). 
tfe** belong tft the same " gmmf 

r of tjtteettslaad, Qua*. Jour. Geol. Soc,, 1872, 


** that the 
It should be 
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4t. — Some other species of Sagenopterk from the Damudas. 

The two species of Gangamopteris described above from the Damuda Series are 
distinctly belonging to that genus. But there are froift the Damudas near Kuulacheru 
in the Godavari district two specimens* about which I am not quite sure whether they 
belong also to this genus or whether they are rather to be ranged with Sagenopterk , 
Bgt. They recall, it is true, somewhat Gangamopteris angustifolia , McCoy, 5 * but I am 
not sure if this species too has not rather its place in Sagenopterk , Bgt. I for my part 
take those specimens from Kuulacheru as very near to Sagenopterk rhoifolia, Fresh, as 
there is scarcely any difference between them and the leaves of this species when they are 
detached. We have only to compare the detached leaf in Mr Schenk's Grenzschichten, 
PI. XII, f. 4, with our specimens and we find no difference. . 

Another locality of Sagenopteris f Bgt., is the Karhnrbari coal-field, the same where- 
from I enumerated already four species of mesozoic and triassic age. There is a collection of 
Karharbari plants in our Museum since the year 1871, and Dr. Stoliczka collected them. 
Fern leaves are very frequent, with an evidently anastomosing venation, which, however, 
does not pass out from a midrib ; the shape and the association of the leaves on the rock 
urge us to consider the leaves as detached ones, which formerly have been attached to one 
common stalk. They are, as I suppose, evidently Sagenopterk, but differing in shape and 
size from those hitherto described. I describe them as follows :~ 

Sagenopteeis Stoliczkana, Fstm. 

Fronde digitata ; foliis singulis pedicello communi insertk , deciduk, lanceolato spa - 
thulatk, 10 cm. longis, 35 mm. latis , basi latiusculis , sine pedunculo distincto ; later - 
alibus ut videtur in forma differentibus, nervo medio indktincto , nervis secundariis sub 
angulo acutissimo ad marginem currentibus repetito dichotomk, retia formantibus; 
retibus inferiore ac medio parte majoribus , marginem versus , minoribus. Fructificatione 
non obvia. 

The leaves of this species differ in shape and size as well from Sag. rhoifolia , Presl., 
as from Sag. Goppertiana, Zign., but it is allied with both, being a Sagenopterk . 

I will not make any further discussions here — I will only say that the genus Sagenop - 
teris in Europe is known only in llhsetic and Lias, and that it has some connection with 
Cheropteris , Kurr., of the Keuper. * 

Perhaps also some species of Glossopterk , Bgt., are allied ; I mention, for instance, 
Glossopterk acaulis , McClell., which should evidently be placed here, and I mentioned it 
already as Sagenopterk , Bgt. The Tceniopteris, Bgt., with the real mesozoic aspect and 
with connections in the Bajmahal Series would support the conclusions to be drawn from 
the occurrence of Sagenopterk , Bgt. 

Mr. W. T. Blanford is certainly right in saying that some of these ferns are of wide 
range ; but if we consider it nearer it should be said of the most fossils ; hut I think also of 
widely ranged genera some species can be characteristic, and this is especially with the 
Tmniopteris the case, even so with Sagenopterk and others, and if some of those genera 
mentioned are of wide range, it is certainly the more the case with Glossopterk, so that 
there yet remain for the Damudas the other species as— 

Macrotaniopterk Danceoides , McClell., certainly mesozoic, frequent. 

Scfyizoneura Gondwanensk , Fstm. (very frequent.) 

Sagenopteris , two species— Rhsetic genus. 

Neuropteris valida , Fstm. — (frequent*) 

Voltzia acutifolia and Atbertia speciosa, Schimp. 

•McCoy : Prodrome of the Pal. of Viet,, II Decade, PL XIII, ftgs.a.Sa. 
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On the four latter of these I will only remark that they in Europe are of triassic age. 
To these I add now a fifth— 

Voltzia heterophylla , Bgt., 18*28. 

1828. Brongninrt: Prodrome. 

1828. Histoirc des vlget foss. 

1848. Schimper and Mougeot : Monograf . 

1870. Schimper : Pal6ont. veg^t. 

Amongst the specimens brought by Dr. Stoliczka from Karharb&ri are also three, 
which are labelled Voltzia heterophylla, Bgt. 1 cannot know by whom the label was 
written, but it is certain that already, five years ago, this species was recognized, but since 
that time, no doubt overlooked. It is the more important, as this species is just from the 
lower part of the Damudas, i. <?., from the Barakar group.* 

This species, as every body knows, is the most characteristic of the Trias, of course 
in Europe only ; but I for my part do not give up the same age for it here in India also. 

The discovery and determination of this plant agrees very well with those I later made 
quite independently, as I found the Voltzia heterophylla , Bgt., which Dr. Stoliczka brought, 
after I had written my first paper on the Damuda fossils. 

As far as I know, there is nothing known like these or similar plants from iho 
lower ooal-measures in Australia, and also in the upper portion is, besides Glossopteris , 
(a genus of wide range) only Phyllotheca and the doubtful Vertehraria in common with 
our Damudas, of which, however, the first genus is also in the Oolite of Italy pretty frequent, 
and the other Damuda fossils have also abundantly representatives in the mesozoic forma- 
tions of Europe. 

So that with the same probability we can suppose a communication with Europe at 
that early date of Indian life, and this for the whole period from Trias till Oolite. 

6.— Cycadeous Plants in the Damudas. 

A. — Species of Noeggerathia , Stbg. 

Already Sir C. Bunburyt described from Kamthi a species with the name Noeggerathia 
j Hislopi, B. t of which he knew several specimens, but only one is figured. 

Noeggerathia was formerly, as were many fossils, a disputed genus ; but already Sir C. 
Bunbury (1861) himself took it rather as belonging to the Cycadeacece, as I think is now 
generally acknowledged ; and we have in Noeggerathia a genus belonging to the Zamia. 
I will speak, therefore, first of Bunbury’a species. 

1. Noeggerathia Bislopi , Bunb. 

1861. Quar. Jour. Geol. Soc., Vol, XVII, p, 884, PI. X, f. 6. 

Sir 0. Bunbury has figured ouly one specimen, which is rather fragmentary, from 
jBhar&t-w&d&. From this locality also several specimens are in our collection. All descrip- 
tions, as Bunbury has given them, I can confirm. We have several fragments, from 
which I can judge that the. leaves have been about 14 cm. long, beginning with a narrow 
base and becoming wider towards the apex, where the leaf is apparently oblique. 

From another locality in the Nagpur district, from Barkqi, there is a specimen of the 
same Noeggerathia Bislopi , Bunb., ja our collection, which plainly shows that the described 

' i, v u’m Vy* ! 'n — - - - ■ * - — — - , - -- - i — 

p. > v . m. a X 1 5. 
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leaves are only detached and formerly bolouged to a common stalk. The specimen men- 
tioned shows two leaves, about 9 cm. long, of the shape as Bunbury described ; they 
are in the same direction lying on one side of a stalk w^ich undoubtedly belongs to these 
loaves. They were, therefore, attached in the same way as in the real Nceggerathia ; 
and if we look for a mesozoic Nceggerathia, We find the same arrangement of leaves in the 
Nceggerathia Vosgesiacia * Bronn., from the Keuper of the Raibl beds. 

Also from the Karharb&ri coal-field there is one specimen which is to be ranged here. 

The leaves of N Hislopi , Bunb., differ from N Vosgesiaca, Bronn. by much stronger 
veins and by having the margin entire. 

Locality . — We have this species, therefore, from Bharat -wada Barkoi, and from 
Karharbari coal-field. 


2.— Nceggerathia comp. Vosgesiaca, Bronn. 

1853. Leonhard and Bronn : N. Jahrb., p. 129, PI. VI, f. 1-4. 
1870-72. Macroptcrygium Bronni, Sehimp. : Pal. ?6g6t., Vol. II, p. 132. 


There is also another Nceggerathia from the Damudas of Kunlacheru (Godavari 
District), which from the first moment I recognized to be a Nceggerathia ; some incised and 
lacerated leaves with very fine venation are joined on one common stalk, which, however, is 
partly broken off, so that I was in doubt about the insertion. 

The best, and perhaps only, connection of our specimen I found, however, with Bronn’s 
Nceggerathia Vosgesiaca (1. c.) The author described his species as consisting of a pretty 
large form with a thick stalk, from which passed out on both sides (partly alternating) 
the leaves, marked by two characters— 

1. — By their fine venation, and 

2. — That they are not entire, but divided and incised in different manners and 

degrees, so that they consist of several lacinice joined together. 

All these characters our specimen above mentioned exhibits too, so that I can only bring 
it in close connection with that triassic speoies. 

The middle lacinice of our leaf are 12 cm. long, the marginal ones only 6*6 cm. The 
general form is cuneiform, the venation very fine, running radially towards the margin, 
frequently forked, but the branch lets not much thinner than the main branches. Bronn’s 
drawings do not show this forcation, although Bronn himself describes it. 

B. — Another Zamicefrom the Damudas . 

Amongst the specimens brought by Dr. Stoliczka there is still another leaf which by 
the whole form indicates a Zamice . It can, however, not be referred to Nceggerathia , the 
leaf base being quite different, from which it follows that the insertion also differed $ we 
have no stalk, but the leaf is only a little attenuated at the base ; it reminds strikingly the 
genus Glossozamites, Schimpt- I have no doubt that ours belongs to it* 


* Bronn : Zur tri&siechon Fauna und Flora dor bitamindBcn Schiefer von Raibl. N» Jahreb, fUr Min. Qeol. und 
Pol., etc,, 1858, p. 129, PI, VI, f. 1-4. 
t Scblmper ; Pol. v6g6t. VoL, 11, p. 163, 
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Glossozamites Stoliczkanus. Fstm. 

Frondh forma ac magnitude ignota f Foliis elongato ovalibus, validis 8 cm. Ictngis, 
23 mm. lath , media parte latissmh, parte apiodli paulo attenuate, rotundata , parte 
basali eequali modo angustata , truncate, angulis basalibus obtusis ; foliis media in parte 
inserth; nereis creberrimis , dhtincth, e iota basi radianiibus t furcatis f 

This species has its allies in some forms described by Mr. Schimper with this generic 
name, bat which altogether range only from Lias to lower cretaceous. These species are 
Glossozamites oblong if olius, Karr.,* from Lias in Wurtemborg; Glossoz. Zitteli , 
Hoheneggerei , and obovatus , Schenkf. 

Onr specimen has all the characters of these described species. The largest species till 
now described is Glossoz . Zitteli , Schenk, from lower cretaceous ; the leaves measuring 5 cm. 
8 mm., while ours are much larger Btill. 

Locality.—* Karharbari coal-field, brought in 1871 by Dr. Stoliczka, in the same coal-field 
from where Neuropteris valida , Fstm., Vultzia. hcterophyllum, Bgt., Volts, acutifolia , Bgt.» 
and Albertia speciosa , Schimp, are known by Mr. Whitty’s discovery. 

There is, therefore, no want of Cycadeous plants in the Damudas, and they are mostly 
of mesozoic character. 

All these supplementary notes were, I think, necessary ; and it is probable that still more 
plants of this kind will be discovered to finally establish the position X have indicated 
for their formations. 

Mb, Wood-Mason’s collection of fossil plants fbom Eaniganj. 

J cannot omit giving a short note on some very interesting plants Mr. Wood -Mason 
lately has brought from Eaniganj. They not only exhibit better specimens of already 
known species, but to a great extent also new forms. As at Mr. Wood-Mason’s request I 
shall write a special paper on them, only a very short note shall be given here. 

Maorotceniopteris (Tceniopteris) Danteoides, McClell. (Royle). 

The same species which Royle formerly called Glossopt. Danceoides , but later 
McClelland correctly described as Tceniopteris Danceoides, McClell., of which he gave two 
figures, and of which there is a nice specimen in our collection from Burgo in the Uajmahal 
Hills} {Damuda beds), Mr. Wood- Mason found several very nice and well preserved speci- 
mens j and his statement is, that this form is there very frequent. All the specimens 
have a very mesozoic aspect, and strikingly resemble certain specimens from the Lias 
(KeuperP) in the Alps. Besides this they resemble also pretty much Tceniopt. lata , 0. M., 
especially the specimen FI. II, f. 1, and the variety Tceniopt . mnsafoUa, , 0. M , PI. IV, f. 1, 
from the Rajmahal Hills ; again also a further evidence of connection of both portions (upper 
and lower) of the Gondwana Series. 

Gen. Glossopteris , Bgt., and Sagenopteris, Fresh 

Mr; Wood- Mason has brought various specimens of the common Eaniganj forms, with 
Narrow net-venations, which I will describe as Glossopt. communis , Fstm. Rut besides these 
two or throe leaves of that species which McClelland called Glossopteris aoaulis, bat which 
I referred to Sagenopteris, Bgt, las Sagenopt. pedunculata, Fstm.) 


v gurr,; Belt?, far. jora formation Wiirtwaberge, p. 12, tab. 1, f, 6, 1846. 
v ^ ®<*riki«>aUten. Pahpoiitogr, Vol. XIX (1871), tab. I, II, III. 

4 i&m specimens were, as Mr. Hughe* has several times assured me, brought by him from the Hanigaqj 
M them la our collections, 
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Gen. Gangamopteris, McCoy. 

a 1 have described already two species from our Damn das, i. e., Gairgamopt. cyclop- 
teroides, Fstm.,* and Gang. Hughes? , Fstm.f Mr. Wocti-Mason brought also another, which 
differs from both by the much wider net-venation, which is also pretty constant in tho 
size of the meshes of the net. 1 will describe it later with the name Gangamopteris 
Whittiana , Fstm., after Mr. Whitty, who contributed so much last year to our knowledge 
of the Kavharbari flora by the magnificent Blab of shale, covered with fine plant-impres- 
sions, contributed by him to our museum. I must still once more state that the Austra- 
lian Gangamopteris is from mesozoic strata in Victoria, together with Taniopt , Dain- 
treei , McCoy. { 

Belemjtopteris, nov . gen., Fstm. . 

Amongst the ferns there is a wonderful specimen, which has its veiy close connection with 
the living Pteris sagittmfolia, Raddi§, and Hemionitis cordata, Roxb. Mr. Wood-Mason’s 
specimen has the same arrow-like shape $ three primary veins, the chief primary veins 
stronger and more distinct ; the secondary veins form a net-work of prevailingly hexagonal 
meshes. This specimen belongs to quite a new fossil genus which I call as above. The 
species I call in honor of Mr. Wood-Mason, Belemnopteris Wood- Masoniana, Fstm. 
Descriptions and discussions will be given later with the figure of the specimen. 

Of other ferns there is especially remarkable a very nice large specimen of an Alethvp - 
teris form of the type of the living Phegopteris , a fructificatiug pinna of Alelhopt. Lind - 
leyana, Royle, which belongs also to this group. 

Pal.eovittabia, nov. gen., Fstm. 

Another new genus . Of much interest is another specimen with about eleven or twelve 
leaves coming out (as it seems) from a common spot ; the leaves have the form ol‘ the meso- 
zoic Sagenopteris , J3gt. ; they have an evanishing midrib (towards the apex) ; the secondary 
veins have nearly the same direction, but form no net-work, a circumstance which I think 
will establish this form as a new genus , as it cannot be well united with Taniopteris, Bgt. 

I do not know anything in the fossil Flora closely similar with it. In the form of tho 
leaves and their disposition there is an approachiug similarity with Nceggerathia spathulata , 
Dana, || from Australia, but there the veius all are radiary, without any midrib. 

There is also a slight resemblance with Chiropteris from the Keuper^f ; but the shape 
of the leaves, the direction and disposition of the veins, the total want of a distinct rachis, 
and the presence of several thicker veins, distinguish Chiropteris from our fern. 

I already now can say it is a new genus, allied only with the living Fittaria— so that 
I will call it Palmovittaria n. g., and the species Palceov. Kurzi, Fstm. 

Of other plants I have still to mention several nice specimens of the Sphenophyllum 
trisygia, Ung., which all show again the great difference of the Damuda forms from those in 
the coal-measures. 

These plants, brought by Mr. Wood-Mason, add considerably to our knowledge of tho 
Damuda flora, and have especially yielded again strong evidence of its mesozoic age. 


♦ Roc, Oeo). Sorv. India, IX, 8, 
t Present paper. 

t This species Mr. Daintreo himself takes as characteristic of the metotoic of Queensland, 

§ Ettlngsbausen : F&rren der Jetztwelt, 1866, PI, 71, f. 3. 

11 Dana ; Geology, United States Exploring Expedition, PI. 12, f. 9, 
f Krona t Ubcr die Fwreusippo C hiropterti, Kurr, etc,, N. Jubrb„f. m. 1668, p. 143, PL XII, 
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To give a complete idea of the flora and its connections, I have given in the preceding 
Note a general list of all the fossil remains I have so far bad occasion to mention 
from the Dainuda beds, which themselves may indicate the age of these beds. I hope there 
will be added still more of them, but yet these are the most important now, and establish 
sufficiently the age of the series. 


Notes ok the Osteology of MebycoPotamus dissimilis, by R. Lydekkeb, b. a.. 

Geological Survey of India . 

Previous notices. — Of this extinct genus of Hippopotamoid Artiocdactyla, which is 
confined to the Tertiary Strata of India "and Burma, no complete descriptions of any part 
of the skeleton, beyond the teeth, have hitherto appeared. Figures of the cranium, and of 
some of the limb-bones, have, however, been given in the “ Fauna Antique Sivalensis ” 
(plates 67 and 68), aud a short notice of the cranium was given by Dr. Falconer and Sir 
Proby Cautlcy in the Asiatic Researches (vol. XIX). This paper, together with figures, will 
be found reprinted in the ” Palaeontological Memoirs” (vol. I,p. 138). In the same volume 
(p. 147, plate 16 figs. 1 and 2) there is also given a short notice with figures of an adolescent 
cranium from Burma, forwarded by Dr. Oldham to Dr. Falconer : this specimen is now in 
the Indian Museum. Professor Owen (Odontography p . 666) has also given a figure and a 
short description of the general characters of the molar teeth ; a molar tooth is also figured 
in M. De Blainville’s Osteographie (Atlas Anoplotherium) ; M. Pictet (Paliontologie, 
vol. 1 ,p. 342) has classed the genus, chiefly on account of the form of its molar teeth, with 
the Anoplotlieridce. In Dr. Falconer’s above-quoted paper the species was placed in the 
genus Hippopotamus, In the collection of the Indian Museum we have fragmentary portions 
of several of the limb-bones, from the Mauchhars, Siwaliks and Burma beds. From the exam- 
ination of these, togethor with Falconer’s figures, I have been enabled to arrive at an 
approximate idea of the skeleton of the genus, though many parts are still wanting, which I 
hope subsequent discoveries will make good. 

Character. — Merycopotamus seems to have been a tetradactyle animal of about the size of 
the Indian wild boar ; its dentition lias the same formula as in the latter animal, and the excessive 
development of the canines in both jaws is a character common to the fossil form, to the 
allied living genera Sus and Hippopotamus, and to the fossil Anthracotherium. The femur 
followed the normal Artiodactyle rule of lacking a third trochanter for the glutseus maxi- 
mum j while the cuboid and navicular bones of the tarsus were distinct, aud the facets on the 
astragalus for the articulation of these two bones, were of nearly equal size. The radius and 
ulna were disunited, as in the Pig, while in the Hippopotamus they are anchylosed together. 
It will be found that the extinct genus presents points in common with both Sus, Hippopo- 
tamus and Anthracotherium, ^nd may probably be regarded as having, like the latter genus, 
formed a connecting link between the Suina and Ruminantia. As its name implies, the 
form of its molar teeth approaches that of the Ruminantia, and breaks down the distinction 
between the “ cyliudriform” teeth of the true Pecora , and the “ columno-agglomerate” 
teeth, of the $uina ; in the Siwalik period, however, these two groups of Artiodactyla had 
already been completely differentiated : we cannot, therefore, consider Merycopotamus to 
have been in any way a progenitor of the true Ruminants, but the genus may very probably 
have descended from some older form, which at an earlier period diverged from an original 
stock allied to the Suina, and gave rise to the more modern and specialised group of Rumi- 
mntia* From the dimensions of the*axis vertebra?, Merycopotamus must have been a much 
animal than either the Pig or the Hippopotamus, in this respect also showing 
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Cranium.— My examination of the cranium has been chiefly confined to the young 
specimen from Burma noticed above, which from the state of the sutures is in a tfery 
favourable state for comparison. The general form of the skull somewhat resembles that of 
Hippopotamus, especially in the long even slope from the occipital crest to the extremity of 
the nasals, and in the comparatively slight depth of the upper portion of the cranium ; the 
wide zygometic arches and the deep and sharp sagittal crest are also Hippopotamine 
characters. The muzzle is slightly expanded at its extremity, but not to the same enormous 
extent as in Hippopotamus* 

Orbits . — The orbits are approximately circular, and completely surrounded by a bony 
ring ; their superior borders are somewhat produced and elevated, forming the highest points 
on the forehead, while the frontals are considerably depressed below them ; in all the above 
characters the skull of Merycopotamus agrees closely with that of Hippopotamus, and 
differs from that of Sus. The orbit is placed unusually far forwards, so that its inferior 
border is directly over the hinder barrel of the first molar : the distal articulation of the 
jugal reaches as far forwards as the first premolar. In Hippopotamus the inferior border 
of the orbit is phiced over the hinder barrel of the second molar, and in Sus over the middle 
of the last molar. 

Nasals.— The proximal extremity of the nasals does not extend upwards to within half- 
an -inch of the inferior border of the orbit; in this respect the skull more resembles that of 
Sus , since in Hippopotamus the proximal extremity of the nasals extends upwards beyond 
the centre of the orbits. The distal extremity of the nasals differs from that of both 
Hippopotamus and Sus ; in Merycopotamus the nasals diminish in width very gradually 
from above downwards, and terminate somewhat above the extremity of the muzzle ; their 
distal extremity is cut into by an acute re-entering angle ; in Hippopotamus the nasals 
narrow very rapidly and terminate directly over the muzzle with a considerable expansion ; 
in Sus the nasals narrow gradually and terminate slightly above the muzzle in a pointed 
extremity. The facial surfaces of the nasals are nearly flat, and placed at right angles to 
the lateral surfaces of the maxillae, as in Sus ; the nasals of Hippopotamus are rounded 
transversely on the facial surface, and do not form any marked angle at their junction with 
the maxillae. The greater portion of the outer border of the nasals articulates with the 
maxilla, and only a very small moiety with the premaxilla ; this character forms a marked 
distinction from Sus, and agrees with Hippopotamus , only in the latter a rather longer pro- 
portion of the nasals articulates with the premaxilla than in Merycopotamus ; the extremely 
small proportion of the premaxilla which articulates with the nasals in the latter genus is 
owing to the relative shortness of the latter bones. Tho naso-maxillary suture is nearly 
straight, and thereby different from the same suture in both the allied genera ; no portion of 
the premaxilla overlaps the facial surface of the nasals, as occurs in Sus, as distinguished 
from Hippopotamus. » 

Maxilla and Jugal.— The lateral surface of the maxilla i% somewhat hollowed; the 
foramen for the fifth nerve is placed directly over the last premolar, as in Sus ; it is situated 
more anteriorly in Hippopotamus. The outer surfaces of the molar teeth are placed so far 
apart, that the jugal for a long distance along its posterior border becomes continuous with 
the lateral surface of the maxilla, and does not overhang the latter as is the case in Hippo- 
potamus and Sus. There is no distinct process of the maxilla for articulation with the jugal, 
on account of the junction of nearly the whole of the posterior surface of the latter with the 
maxilla ; the form of this portion of the skull is quite peculiar to Merycopotamus; the form 
of the union between the squamosal and jtigal is not known. 

Lachrymal. — The facial portion of the lachrymal is oblong in shape, and its surface is 
quite plane; it is considerably elongated antero-posteriorly, so that it articulates with four 
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bones, viz., the frontal, nasal, maxilla, and jugal. As far as I can make out from the skull of 
Hippopotamus with which I have compared this specimen, in the latter genus the lnchrypial 
articulates with the same four bones* but not quite in the same proportions ; in Sus , on the 
other hand, we have a very different relationship of these bones ; owing to the shortness of 
the lachrymal and nasals, these bones do not articulate with each other ; but between the 
two a process of the frontal extends downwards to articulate with the maxilla,— a union 
which does not occur in either Hippopotamus or Merycopotamus. The lachrymal foramen 
is single, and pierces the orbital portion of the lachrymal close to the angle separating the 
former from the facial portion, a condition intermediate between Sus and Hippopotamus ; 
the fossils do not, of course, show whether the lachrymal formed a thin capsule within the 
orbit as in the latter genus. 

Frontals . — These bones are depressed, and are united by a straight sagittal suture,— 
simple inferiorly, but with interlocking processes superiorly; the distal extremity of the 
frontals forms a slight re-entering angle for the articulation of the nasals ; the naso-frontal 
suture is deeply indented ; a small process is given off from the frontals, which is wedged in 
between the lachrymal and the nasals ; in front of the orbits the frontals seem to have been 
somewhat expanded laterally, but do not form the “ telescopic” orbits of Hippopotamus ; 
tlieir form was probably more like that of Sus. The venous foramina on the surface of the 
frontals are situated above the centre of the orbits, and pierce the bone at right angles, 
somewhat as in Hippopotamus ; in Sus these foramina perforate the bone obliquely, and 
have long sulci below them. 

Parietals. — The fronto- parietal suture is not shown in any of the known skulls ; the 
two bones at their union form a bold sagittal crest which divides at its lower third, and 
runs to the superior angles of the orbits ; the surfaces of the temporal fosse are somewhat 
convex. The hinder portion of the parietals is very greatly longer in proportion to the size 
of the skull in Merycopotamus than iu Hippopotamus / the sagittal crest in the former is 
a long straight ridge for a considerable distance, whereas in the latter it bifurcates to join 
the orbits after a very short distance. This greater length of the cranial portion of the 
skull quite does away with the relative excessive length of the nasals, which forms such a 
remarkable feature in the skull of Hippopotamus . 


In Merycopotamus the cranial and facial portions of the skull are approximately equal, 
(sec plate 67, fig. 5. “ Fauna Antiqua Sivaleusis”h and from the long sagittal crest the 
whole cranium has much more the appearance of the cranium of a Carnivore than of 
Hippopotamus . In Merycopotamus the lateral boundaries of the temporal fossa* are in the 
same antero-posterior line with the lateral borders of the orbits, whereas in Hippopotamus 
the latter reach outwards to the zygomatic arches* 


Occiput.— The form of the occipital surface approaches nearer to that of Sus than 
Hippopotamus ; the occipital crest forms a bold ridge, angulated in the centre, and some- 
what overhanging the general surface of the supra-occipital. The breadth of the supra- 
oecipitai is less in proportion to its height than in Hippopotamus , and thereby approaches 
to Sus : further, the occipital surfaces of the squamosals are placed considerably more in 
advance of the plane of the supra-occipital than in Hippopotamus, thereby giving the latter 
boh* a more prominent and isolated character, similar to that of Sus. The bony radge con- 
necting the extremity of the occipital crest with the zygomatic process of the squamosal is 
placed somewhat higher up ou the capital surface, and is larger and stouter than in Sus ; 
the prominence of the zygomatic process of the tquamosal which overhangs the meatus 
is wanting in Msryecpotamus. The supra-oecipital is an oblong bone, 
produced into a median angle ; the ex-occipitals and paramastoid 
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processes are in too damaged a condition in our specimens for comparison. The baai-occipi- 
tal is triangular in shape ; it is more rounded from side to side than in Suit, but it lacks the. 
median groove and the two tubercles which are found on the same bone in Hippopotamus. 

Bulla lympanu— There is a large somewhat ovate tympanic bulla, larger than that of 
Hippopotamus , and more like that of Sus : the meatus auditorius externus is apparently 
tubular, and directed upwards, backwards, and outwards* 

J?alute.~-The palatines are produced baokwards behind the last molar in the same 
manner as in Hippopotamus ; their hamular processes have also the same shape and 
direction ; the palato-maxillary suture, as far as 1 can make it out, seems to have extended 
as far as the line which divides the first and the second molars ; its upward bend is rounded, 
as in Sus : in Hippopotamus it is elongated. The two lines of molar teeth are nearly parallel, 
as in Sus ; they do not diverge anteriorly, as in Hippopotamus . 

Glenoid cavity. — The glenoid cavity of the squamosal is flat, and of large size ; it has 
no process of the jugal bordering its outer side ; in the latter respect it agrees with 
Hippopotamus and differs from Sus , 

Mandible. — The rami of the mandible are nearly straight : the distal extremity is 
rounded off: the symphysis is long, and slightly excavated ; it extends backwards as far as 
the first premolar ; it is somewhat expanded at the alveolus of the canine tooth; the condyle 
and ascending portion is not known ; the posterior extremity descends below the inferior 
border of the horizontal portion, as in Hippopotamus ; there is a deep notch in front of the 
descending plate. From the above characters it will be seen that the mandible is entirely 
Hippopotamine in character, and broadly distinguished from those of both Sus and 
Anlhracotherium, in which the inferior border is nearly straight. 

Dentition, — The dental formula most probably was the same as in Sus and Hexaproto - 
don ; as much of the dentition as is known is given below, viz. : — 

P— ? 1—1 4— 4(?) 3-3 

1 c P M 

3-3 1-1 4-4 3-3 

Incisors . — The incisors are at present unknown ; from the shape and direction of their 

alveoli they must have been of comparatively small and equal size ; they were in close opposi- 
tion and probably projected obliquely from the jaw, their cutting edges forming a segment 
of an ellipse. There is no sign of any abnormal development in any of them, and they 
must therefore have approximated much more closely to Sus than to Hippopotamus. 

(fanines, — The canine is situated close behind and a little to the outer side of the third 
incisor ; its inner border is in a line with the molar series ; in both of the above respects it 
agrees with the canine of Sus, and differs from that of Hippopotamus. The cross-section of 
the canine is trihedral ; two angles are placed in the antero-posterior line of the jaw, and the 
third on the inner side ; these teeth are somewhat curved, the upper one more than the 
lower; they are not of larger size than the canines of the wild boar; the upper canine does 
not present the groove on its posterior surface which occurs iu the corresponding tooth of 
Hippopotamus. 

JPfemolars *— There is a considerable diastema between the canine and the premoUr 
series; there is no jaw known which contains the whole of the latter series in situ ; the 
first premolar seems to have been implanted by a single fang, and was probably of very 
small size ; the last three premolars were implanted by two fangs each. The hinder pre- 
molars are unsymmetrically conical teeth, of* which the inner surface is flattened and nearly 
vertical; there are two grooves, and an intermediate ridge on this surface ; the outer surface 
is rounded: there are semi-trenchant edges at the junction of these two surfaces, looking 
fore-and-aft ; there is an accessory column at the antero-internal angle ; the enamel is marked 
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with irregular longitudinal strife ; there is a Blight wavy cingulum surrounding the base of 
the crown. The premolars are strikingly like those of Anthracotherium. 

Upper molars. — The upper molars are nearly square-crowned teetli, surmounted by four 
unsymmetrical cones (specimens figured, in " Fauna Antigua Sivalensi s” plate 62, fig. 17, 
and Owens “ Odontography ” plate 140, fig, 8). The cones arc separated by a cruciform 
▼alley, of which the transverse division is by far the deeper ; the general type, therefore, on 
which the tooth is formed is the same as that of tbe simpler teeth of Sus, Tetranonodon t and 
Hippopotamus . On the inner sides both inner and outor cones are perfectly symmetrical ; 
the outer surfaces, however, of both pairs of cones are concave ; these surfaces of the inner 
cones are simply concave, while the same surfaces of the outer cones have a median ridge 
running down the concavity, and a shorter lateral ridge at each of the outer angles of the 
cone. By this means a Ruminant form of the tooth has been engrafted on the original 
simple form ; in Ruminants the transverse valley becomes almost obliterated by the approxi- 
mation of the cones, and only remains as the groove separating the inner divisions of the 
cones (or barrels) ; on the outer side the transverse valley does not penetrate the crown, and 
its place is only marked by the division between the summits of the lobes ; further, the 
antero-posterior valley becomes deeper between the cones (or barrels) and is divided into two 
portions by the united edges of the inner cones ; the outer surfaces of the barrels, instead of 
being concave and sloping towards the inner side, as in Merycopotamus , become flat and 
vertical, retaining, however, the ridges found on the tooth of Merycopotamus, 

The upper molars of Merycopotamus are surrounded by a distinct cingulum, less 
boldly marked on the outer surface than on the other three ; and their enamel is rugose. 

Compared with Hyopotamus. — The molar teeth of Merycopotamus are distinguished 
from those of Hyopotamus (another Hippopotamoid genus, showing Ruminant affinities in 
the form of its molar teeth) by those of the latter being less altered from the original Tetra- 
conodon type ; in the teeth of Hyopotamus the ridges which occur at the outer angles of the 
outer pair of cones of the molars of Merycopotamus are absent : in consequence, the outer 
border of the molars of the former genus forms a simple wavy line. There is also in the 
teeth of Hyopotamus the absence of the vertical ridge occupying the middle of the external 
surfaces of the outer cones which occurs in Merycopotamus . The inner cones, moreover, in 
the European genus are less concave on the outer side, and more regular in shape than in the 
Indian genus ; while the former are further distinguished by the presence of a small addi- 
tional cone in the re-entering angle on the anterior side of the first pair of cones. The 
molars of Merycopotamus are distinguished from those of Dichodon (with which Pictet 
compares them) by the completeness of the transverse valley in the former. 

Lower molars. — The lower molars, like the upper, are intermediate between those of the 
Rig and Ruminants; they consist of four cones, of which the outer pair are the highest, 
separated by a cruciform-valley, of which the transverse portion is by far the deeper; the 
latter valley is shallower at the inner than at tbe outer side ; the external surfaces of both 
inner and outer cones are nearly vertical ; the inner surfaces of the outer pair of cones are 
concave ; the posterior surface of the hinder one of the outer pair of cones is vertically 
grooved ; an indistinct cingulum surrounds the base of the crown ; there is no accessory 
tubercle at the outer extremity of the transverse valley ; following the usual rule of the 
jLfiigdoctyla, the third lower molar has three lobes, the hinder lobe consisting of a single 
cone, which corresponds to the outer cone of the middle pair. 

: are distinguished from those of Sus and its allies by the greater width of 

. 4^'tem^erae valley, and by its becoming shallower at its inner extremity, and by the longi- 
'tudihfld^piief being broken up iuto two portions, which form the pits between tbe outer and 
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The lower molars are distinguished from those of Ruminants by the transverse valley 
extending completely across the crown, instead of being confined to the outer side ; whereas 
in Ruminants, the outer pair of cones arc united nearly up to their summits, instead 
of only at their bases, as in Merycopotamns ; further, the summits of the cones in RumU 
mints become wider, and the central infolds of enamel (the remnants of the primitive longi- 
tudinal valley) become deeper, and are connected together only by a narrow neck, which soon 
becomes obliterated by wear, causing the enamel pits to become complete islands, which 
remain until the tooth is worn down nearly to itB base ; islands only appear for a very short 
period on the crowns of the teeth of Merycopotamns , owing to the shallowness of tlio 
enamel folds. In the molars of animals like the Giraffe and Brematherium , where tho 
enamel pits are connected together by a deep median fold, and consequently are a long period 
in becoming completely insulated, we have a remnant of a more generalized type of tooth, 
showing traces of the persistence of the primitive longitudinal valley of the Suiue teeth. 

Measurements of skull . — The following, measurements are taken from the cranium, 
figured in the *' Fauna Antiqua Sivalensis ” (plate 67, fig. 1) : — 

In. 

Length from occipital crest to superior angle of orbit ... ... ... ... «0 

Width rit superior border of orbits ... ... ... ... ... ... 4*0 

Length of orbit ... ... ... ... ... ... ... .*. 1» 

Width across zygomatic arches ... ... ... ... ... ... 7*4 

Width at temporal foHstc ... ... ... ... ... ... ... 3'7 

Length from foramen magnum to free border of palatines ... ... ... ... 4 4 

Length from foramen magnum to last premolar ... ... ... ... ... 8*1 

Width of palate at second molar ... ... ... ... ... ... 1*0 

Length of three molars ... ... ... ... ... ... ... 3 25 

Length of last molar ... ... ... ... ... ... ... 1*24 

Width of ditto ... ... ... ... ... ... 1*2 

Length of second molar ... .. ... ... ... ... ... 10 

Interval betwcon inferior border of foramon magnum and summit of occipital crest ... 4*1 

Width of widest part of supra-occipital ... ... ... 2*7 

Interval between external surfaces of occipital condyles ... ... ... ... 2*85 

Vertical diumeter of foramen magnum ... ... ... ... ... ... 1*05 

Transverse ditto ... ... ... ... ... ... ... ••• 1*4 

Length of occipital condyle ... ... ... ... ... ... 1*3 

The dimensions of the skull of the adolesdent animal from Burma (No. 212) mentioned 
above, as given by Dr. Falconer (" Pal . Mem” vol. 1 9 p. 148), are as follows : — 


Width of nasals at base ... 





In. 

... 1*9 

Extreme length of fragment. 





7*6 

Greatest contraction of mu zzlo 




• •• 

1*2 

Length of two (1 and 2) true molars ... 




MS 

1*9 

Ditto of two last prcmolars 




... 

about 1*3 


The dimensions of the lower jaw figured in “ Fauna Antiqua Sivalensis” (plate 67, 
fig. 4), are as follows 


In. 


Extreme length 

Depth at middle of last molar 

Ditto at second molar 

Depth of descending angle below last of molars ... 
Length from hinder extremity of last molar to canine 
Length of symphysis 

Interval between canine and symphysis » 
Thickness of inferior border below last premolar... 
Length of last molar. 

Width of ditto ••• ••• ••• 


14*5 

2*45 

2*9 

4*3 

7*9 

4*4 

1*4 

1*03 

1*6 
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The dimensions of the hinder half of a right ramus of the mandible (No. 215) brought 
by Mr. W. T. Blanford from the Irrawadi valley are as follows 


Length of three molars 
Length of last molar 
Width of ditto ... 

Length of second molar 
Depth at middle of last molar 
Ditto at second molar 


In. 

3*28 

re 

0*8 

1*0 

1*8 

2*0 


Other specimens from the PotwaT country present similar dimensions to the above. 
These dimensions are smaller than those of the first specimen, the jaw being of a more slen- 
der type ; the teeth, however, in the two are of the same size. Falconer conjectured that 
there were two varieties, major and minor. I think, however, it is more probable that the 
slighter jaws (and crania) belonged to female individuals and not to a distinct variety. 

Axis .— The only portion of the vertebral column of Merycopotamus which I can iden- 
tify is the axis vertebra, of which we have two specimens in the Indian Museum (Nos. 
1638-39). These specimens only show the centrum, and portions of the pedicles, the neural 
arch being in both cases destroyed. The centrum has a broad and conical odontoid process 
laterally continuous with the articular facets for the atlas ; the centrum is longer than broad ; 
the inferior borders of the articular facets for the atlas form an almost continuous arch across 
the anterior extremity ; there is a prominent straight keel along the inferior surface of the 
centrum ; the inferior bar of the transverse process is long, and takes its origin about half- 
way up the vertebra ; it is separated by a smooth space from the articular facet for the atlas, 
and is directed backwards and outwards ; of the superior bar of the transverse process only 
the base is shown in our specimens; this is very wide and situated on the pedicle of the arch a 
little higher than the floor of the neural canal ; the transverse process is perforated for the 
vertebral-artery. The exterior extremity of the pedicle is perforated for the upper branch of 
the spinal nerve. The posterior surface of the centrum is slightly hollow, wider than deep, 
with a horizontal upper border, and a ourved inferior border. 

The vertebra is at once distinguished from that of either the Pig or Hippopotamus by 
its much greater length in proportion to its breadth : in both the former animals the width 
of the posterior surface of the centrum is equal to two-thirds of the total length of the 
vertebra; whereas in Merycopotamus the width of the corresponding surface is less than half 
the total length of the vertebra. 


Comparisons . — The axis vertebrae of the three genera have the following points in 
common : the transverse process is perforated by the vertebrarterial canal, and the pedicle by 
the foramen for the spinal nerve ; the odontoid process is bluntly conical, the inferior surface 
of the centrum keeled, and the inferior bar of the transverse process is separated by a smooth 
surface from the articular facet for the atlas. The axis of Merycopotamus is distinguished 
from that of Sue (besides the difference of length) by the rim connecting the inferior borders 
. of the facets for the atlas being less distinctly continuous below the odontoid process ; by the 
odontoid process being wider and flatter ; and by (in consequence of the greater length of the 
Vertebra) the tr an averse process being much wider, and consequently the vertebrarterial 
canal mnefc. longer. It is distinguished from the axis of Hippopotamus by its greater 
\ length and the lesser development of the rim connecting the facets for the 
nsvense process is also slightly wider. 
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Dimensions . — The dimensions are compared below with those of the axis vertebra* of 
the -Pig; Merycopotamus in the first, and Sue in the second column : — 





In. 

In. 

Length of centrum ... 

... 


2-8 

17 

Width of posterior surface of centrum 

... 

... 

1-2 

1*2 

Depth of ditto . .. 


... 

0-9 

0*8 

Width across anterior articular facets 


... 

22 

2*2 

Width of transverse process 

... 

... 

075 

0-8 

Length of odontoid process 


... 

0'6 

0*6 

Width of ditto 

... 

... 

07 

0*5 


Hinder limb . — Of the hind limb, more or less complete portions of the following bones 
are known, either from the specimens in the British Museum (from which Falconer’s figures 
are taken) or from specimens in the Indian Museum, viz., Innominate , Femur , Tibia, Cal’ 
caneum , Astragalus , and Metatarsus . 

Innominate.— The innominate is known from the specimens of the acetabulum figured 
by Falconer (“ F. A. 8.,” pi. 08, figs. 1 and 2) ; the acetabulum is completely circular and 
moderately deep, with a distinct pit for the attachment of the ligamentum teres; its 
diameter is 1‘55 inches. 

Femur. — At the proximal extremity the great trochanter is placed higher than in Sus 
and Hippopotamus ; it is also more recurved, and the head is placed more nearly perpendi- 
cularly to the neck; it does not show any distinct impression for the ligamentum teres; the 
digital fossa is also deeper than in the allival genera. The distal extremity of the femur 
(sec Falconers figures) is very different from that of the Fig or Hippopotamus, and is 
unlike that of any living Ungulate; the trochlear surface for the paltella is unusually elon- 
gated, and its borders are placed alinost parallel to the long axis of the bone, instead of very 
obliquely, as in other Ungulates: the condyles are consequently nearly equal-sized and sym- 
metrical. 

Tibia . — The proximal extremity alone of the tibia has been discovered : the articular 
surfaces are nearly equal sized and symmetrical : the prominence for the crucial ligaments is 
bifid ; there is a notch and prominence on the anterior border as in Sus : in Hippopotamus 
this border is roughened, but not notched. On the posterior border in Merycopotamus there 
is a narrow notch, which is not found in the other genera. 

Astragalus . — Several views of the astragalus are given in plate 68 of the Fauna 
Antigua Sivalensis , and wo have several specimens of the bone in the Indian Museum, chiefly 
collected in Sind by Mr. Fedden ; the specimen that I have measured is from the left side. 
The astragalus of Merycopotamus is formed on the same general plan as the correspondiug 
hone of Hippopotamus and Sus, having distinct sub-equal facets for the articulation of the 
cuboid and navicular hones separated by an intervening ridge, which indicates the non-union 
of the two latter bones. Comparing the astragalus of Merycopotamus, firstly with that of 
Hippopotamus, we find that the former is distinguished by its greater length in proportion 
to its breadth, so that the breadth of the distal extremity is only equal , to one-half the 
length of the bone, whereas in Hippopotamus , the corresponding breadth is equal to rather 
more than two-thirds of the length of the bone. In both bones the calcaneal half of the 
tibial trochlea is considerably the highest and stoutest of the two $ the trochlear surface for 
the calcaneum is almost square in Hippopotamus , while it is oblong in Merycopotamus, and 
there is a deeper pit between this surface, and the commencement of the tibial trochlea. The 
articular surface for the cuboid in both is placed on a lower level than that for the navicular, 
while the latter extends further up on the posterior surface of the bone: both articular 
surfaces are of approximately equal width, and the ridge between the two is placed obliquely 
to the long axis of the bone. The lateral surfaces of the two bones have the same general 
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characters. The astragalus of Merycopotamus is distinguished from that of Sus by its 
greater proportionate length, and by the articular surfaces for the navicular and cuboid being 
of nearly the same width, instead ‘of that for the cuboid being only one-half the width of 
that for the navicular : further, the trochlear surfaces for the tibia are of nearly equal height 
in Sus. The great proportionate length of the astragalus of Merycopotamus is a character 
which it has in common with that of the Actiodactyle AnoplotJierium. Below, the admea- 
surements of the astragali of Hippopotamus sivulensis, Merycopotamus dissimilis, and Sus 
scrofa are compared : — 




Hippo. 

sryco. 

Sus. 



In. 

In. 

In. 

Extreme length 


... 3 9 

2' 25 

1*76 

Width across tibiul trochlein ... 


... 295 

1*0 

09 

Width across distal extremity 


... 235 

1*25 

1*0 

Width of cuboidal articular facet ... 


... 135 

0*60 

0*35 

Width ot navicular articular facet ... 


... 1*5 

0*60 

0*05 

Length of calcaneal trochlea 


... 2*45 

1*35 

0*95 

Width of ditto 

... 

... 1*95 

075 

0*65 


The astragalus of A^hracothermm has the facets for the cuboid and navicular of 
unequal size, as in Sus, and is therefore at once distinguished from that of Merycopotamus . 
Falconer once considered the two genera ideutical. 

Calcanevm.—' The calcaneum, as appears from Falconers figures, appears to be of exactly 
the same form as the corresponding bone of Hippopotamus, It is distinguished from the 
calcaneum of Sus by its anterior surface being broader, and the whole shaft stouter, by the 
surface for the attachment of the tendo achilles being excavated in the antoro-posterior line, 
instead of being convex, and by the facet for the articulation of the saddle-shaped trochlea of 
the astragalus being placed more obliquely. The length of the bone is 4*8 inches, and tlio 
width of the surface for the astragalus 2-3 inches. 

Metacarpal . — The metacarpals are only known to me from the distal extremity of one 
of the middle bones brought bv Mr. Fedden from Sind; the form of the fragment is essen- 
tially Hippopotamine and not Seine . The articular surface forms three-fourths of a cylin- 
der ; on the anterior surface there is no ridge on this cylinder, but on the posterior surface 
there is a marked ridge dividing the cylinder into two nearly equal portions : the shaft of 
the bone is nearly as thick as the cylinder. In the sub-equality of the portions of the cylin- 
der on either side of the ridge, and in the limitation of the latter to the posterior surface, 
the bone agrees with the metacarpals of Hippopotamus. In Sus the ridge extends com- 
pletely round the articular cylinder, and it is placed very much nearer to the median line of 
the loot, rendering the two articular surfaces very unequal. From the small extent of the 
ridge on the metacarpal of Merycopotamus , the first phalange of the digits has no distinct 
groove on its proximal surface : from the nearly median position of the ridge on the metacar- 
pal, the foot must have been less symmetrical in relation to a line separating the third and 
fourth digits than in Hippopotamus and Sus ; the general form of the metacarpal is very 
similar to the corresponding bone of Antkraeotkerium ; width of distal extremity O' 65 
inches. 

, : First phalange.— Oi the second phalange of the third or fourth digits we have several 
specimens in the Indian Museum : the bone is similar in shape to the corresponding bone of 
Hippopotamus, having the superior surface wide transversely, and hollowed, with pro- 
minent ridges pn the for e- an d- aft-dborder ; there is a very slight ridge running' ante ro- 
posteiiorly across the middle of the same surface. The anterior surface of the bone is 
i^pdibe posterior fiat : the distal extremity presents a simple trochlea h&llowod in 
the 1*n$, ahd extending further up on the posterior surface than on the anterior 
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surface. Length 1*5 inches ; transverse diameter of proximal surface 0 7 inch ; antero- 
posterior diameter of proximal surface 0*6 inch j transverse diameter of distal surface 0 55 
inch. 9 

Forearm.— Of the forearm, we only know at present the humerus from its two extremi- 
ties, the radius, and the distal extremity of the ulna ; the two former bones are figured 
by Falconer. 

Humerus.— At the proximal extremity we distinguish the humerus from that of Hippo- 
potamus by tbe great tuberosity being less developed, which renders the bicipital groove less 
closed in by bone : the bicipital groove is unusually wide, and the deltoid ridge strongly 
marked; the posterior extension of the great tuberosity forms a more continuous rim round 
the outer border of the superior surface than in either Hippopotamus or Sus. The distal 
-extremity agrees with Hippopotamus, and differs from Sus in the absence of the supra- 
trochlear foramen ; the trochlear surface has the ridge on the radial half more prominent 
than in cither of the allied genera ; the ulnar condyle is more prominent than in Hippopo- 
tamus. Width of proximal extremity 3*5 inches ; width of distal extremity 2*3 inches. 
The shape of the distal extremity is like that of the humerus of Anihracotherium, but the 
supra-trochlear fossa is deeper. 

Radius and ulna. — The radius and ulna resemble those of the Pig, and differ from 
those of the Hippopotamus in being quite free throughout their entire length. The radius 
is a twisted bone with a triangular shaft ; it is flatter than in the Pig, and is broader at the 
proximal and narrower at the distal extremity, so that the latter is the widest of the two 
surfaces; whereas the reverse is the case in the Fig : the bone is not contracted in the middle, 
as in Hippopotamus. The distal extremity of the ulna, on the other hand, is larger than in 
the Fig , and the bone takes a larger share in carrying the carpus : the larger size of this 
extremity of the ulna is a Hippopotumine character. The length of the radius is 7*3 inches, 
the width of the proximal extremity 1‘7 inches, and of the distal extremity 1*0 5 inches. 
The greatest length of the distal articular surface of the ulna is 1*2 inches. 

Fosition of genus. — From the above comparisons it will be seen that the osteology 
of Merycopotamus, as far as wo know it, is very closely allied to that of Hippopotamus 
and Sus, but it presents certain characters different from that of both genera. Beyond a 
slight resemblance in the form of the teeth and of the astragalus, it does not show affiuity 
to the Anoplotheres , among which it is placed by Pictet. I shonld be inclined to place the 
genus in the family Hippopotamida , forming a link between that and the A n th raco th eridee ; 
the three genera Merycopotamus, Hyopotamus and Anthracotherium are aberrant forms, 
connecting the Suine to the Anoplotheridce and the Ruminanlia. 

A curious mistake has been made regarding this genus by M.M. Piftet and de Blain- 
ville in the Traite de Faheontologie (vol. I, p, 322) of the former writer : a lower jaw de- 
scribed by Falconer (Journal Asiatic Society, Bengal, voL VII* $>. 1038), under the name of 
Hippopotamus dissimilis is placed under the genus Hippopotamus, with the remark — “Je 
pense que cette esphoe estla mdmeque celle qui est figures dansle Fauna Anti qua Sivalensis, 
bous le nom de Tetraprotodon Paltdndicus/’ I In reality, the jaw should have been placed 
under tbe genus Merycopotamus, which is also described io the same work (p* 342) ; before 
the latter genus was determined, Falconer had referred all the bones belonging to it to Hip- 
popotamus dmimitis* M. de Blainville h$s made a similar error to that of M. Pictet. 
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Addenda and Corrigenda to Paper on Tertiary Mammalia (ante page 86) 
by R. Lydekkkr, b.a., Geological Survey of India . 

9 j 

HyDaspidothErium megacephalum, nov. gen. nobis. — Tlie cranium from the Siwaliks 
referred to in the last u umber of the Records under the name of Bramatherium, has now 
been cleaned from matrix, and turns out to belong to a new gentis of Sivatheridee , for which 
I propose the name Hy da spid other ium % from the classical name of the river Jhelurn, near 
which it was found. The distinctive characters of the cranium are the possession of one 
common horn-base on the vertex, and the absence of anterior horns j the profile is concave, 
the orbit depressed, and separated by a long interval from the horn-core ; the teeth resemble 
those of Bramatherium . A figure and full description will subsequently appear. 

The genus Uimtaxus (Hodgson's synonym for Mellivora ) should be removed from the 
lists of extinct genera, p. 96, and added to the lists of genera common to the Indian Tertia* 
ties, and to the living faunas of India and Africa. The genus Sanitherium — H.von Meyer— 
( Sus pusi.Uu * f Falc.) should be added under Artiodactyla to the lists from which Ursltaxus 
is removed. 


Occurrence op Plesiosaurus in India, by R. Lydekkee, b.a.. Geological Survey of 

India. 


The discovery of the remains of this genus in the Oolite of Kaehh is the first instance 
recorded of its occurrence in India. The specimen on which thiB determination is founded 
is a portion of fhe distal extremity of a mandible ; it was discovered by Mr. Wynne at Bur- 
rooria in Kachlvin the Umia (Tithonian and Portlandian) beds ; it comprises the whole of 
the symphysis and small portions of the rami of the mandible; on the right side it contains 
the alveoli of five teeth, and on the left side of four. The alveoli are completely surrounded 
by bone ; the distal extremity of the symphysis is rounded, its upper surface flat, and pierced 
by neural foramina, interiorly to the teeth ; there is an ovate prominence on the upper sur- 
face at the junction of the rami, the inferior surface is rounded and convex, the symphysis 
being rather longer here than on the upper surface. The dimensions of this specimen are as 
follows 


Length 0 f eymphysie on upper surface 





In. 

. 2 02 

Ditto ditto lower surface 

... 


... 

• 

. 3*65 

Width of jaw *t onion of rami ... 

... 


... 

. 

. 8*60 

\Vidth of Jaw at second alveoli ... 

... 

... 

... 

. 

. 2*61 

Thickness of jaw at union of rami 

set 

... 

... 


. 106 


The specimen agrees almost exactly in form and size with the lower jaw of Plesiosaurus 
jdolichodeirus of the English like; but it would not be prudent to affirm its identity till 
l^urther specimens are discovered. The range of the genus in England is from the lower 
lidas to the lower Cretaceous, so that no inferences can be dr&wu from this specimen as to the 
|bomotaxis of the beds from winch it is derived. 
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i' Notes on the Geology of the Pft Panjal and neighbouring DisTBioti, , 

7 BY R, Lydekkeb, B.A.f Geological Survey of India. 

The present paper m in continuation of Ur.* Medlicott’s paper on the Geology of the 
Jamu District (supra, p. 49) ; it treats of the inner hand of the Sirmtir group,* and the 
rocks lying between them and the valley of Kashmir. The country lying in this area embraces 
part of the lower hills formed of the lower tertiary rocks, and the higher mountains com- 
posed of older rocks which divide Kashmir from the outer hills. Mr. Drew (Jamoo and 
Kashmir Territories, chaps, i and vi) has divided the mountain systems of the district into 
the regions of the “ outer hills"; and of the “ middle mountains divisions coinciding very 
frequently with thS geological boundaries. ^ 

Notices of the geology of parts of this district have already appeared in various publica- 
tions, the chief of which are— 

Wynne, Records, Geological Survey of India.— Vol. VII, p. 64. 

Vercbere, J. A. 8. B. VoIb. XXXV-VI. 

Godwln-Aueten, G. J, G. S. L., Vol. XXII, p. 29, and VoL XX, p. 383. 

The physical features of that part of the district which is external to the division 
between the Sirmur and older rocks are very similar to those which occur in Mr. Medlicott’s 
country. Along the whole of the above boundary the general dip of the Sirm6r rocks is 
north-east or towards the older rocks — a feature prevalent for hundreds of mileB along the 
Sub-Himalayas ; and, except where anticlinals occur, the outer bands of the same rocks have 
also generally the same dip. The outcrops are usually abrupt and steep, presenting a very 
characteristic banded appearance : owing to the frequency of the north-east dip, the northern 
sides of the hills are usually those the most covered with vegetation. 

In looking over the country from one of the higher inner passes, such as the Rattan 
Pfr or the Haji Pir, the inliers of the “ Great Limestone" of Mr. Medlicott are seen stand- 
ing up as bold rugged cliffs, towering high above the rocks of the tertiary series, and easily 
distinguished from them by their " rocky" appearance. 

It is, I think, a character very prevalent among the red rocks, that the higher ridges 
have generally a comparatively flat dip, while the rivers have excavated their valleys along 
lines where the dip approaches the vertical. 

Along the inmost boundary of the Sirmur group there is a sudden break between these 
rocks and the inner metamorphic series; the general dip of the former towards the latter 
group seems to show that this junction as it now exists is fruited. I have never seen any 
instance where I could distinctly assert that the red rocks had been deposited unconformably 
against the base of a cliff of metamorphics ; and although I have not found any traces of 
the former overlying the latter beyond the fault, I cannot help thinking that such an exten- 
sion must originally have been the case to £ certain extent,, and that the pifesent relationship 
of the two has been brought about by subsequent up-or-down-thrusts. 

limestones 

I was not 

jlble to proceed up the Kishengunga valley to see* thfcrektiflns of th|^^ Hme- 

* I mithe tom * Sinodr" sc convenient end unambiguous lot the Whole lower portion of the tertiary eerie* 
although it haft;js*t been geologically defined in the region under notice, as itia to east of the Ravf. The term 
" Ifaff (Mnmepias been mm especially applied to the supra-nnimnu^c soft* the oqoivslent in the west of the 
Iht*tb*i' Or perhaps the pagthai and portion of the east., This son* with BNlwtMOf tfrerSabatlaA 

may alid be sometimes indicated generally as “ the red rooks." 


and shales of the nummulitic and oolitic series ; owing to the heat of the se&oh,: 
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stones to the metamorphie series ; but I presume there must be continuation of the main 
fault between the two groups. , > 

In certain places the lowest exposed beds of the metamorphie series consist of dark-blue 
limestone passing up into or alternating with shales ; in other places the limestone series is 
not exposed'; in the former case there is a great physical break in the country at the Sivmur 
metamorphie junction, formed doubtless by the unequal disintegration of the limestone, and 
red clay and sandstone series ; in the latter case the junction between the two formations 
does not form any marked feature in the country, the rapidity of weathering of the two kinds 
of rocks being approximately equal. 

I do not think that there is any need of adding to the descriptions of the red-rocks 
given by Mr. Medlicott in his paper ibove quoted, their composition being exactly similar 
in my district. 

In the lower part of the Mari district (Shaddita) the purple sandstones and red clays of 
the Sirmdr group rest suddenly upon the nummulitic limestone, without the intervention of 
the red and green splintery clays of the upper Subathu zone which occur to the eastward ; it 
appears, therefore, that the bottom beds of the red series are unrepresented here : at Marf 
itself the splintery coloured clays are present, and the junction between the limestones and 
red series is transitional as in the original Subathu sections ; but the great thickness of dark 
purple slatey shales which occur on the Fine River in the Jamd district (see Medlicott) do 
not seem to be fully represented here. 

The whole of the nummulitic rocks forming parts of the high ranges to the west of 
Pindi and Mari appear to me from the general similarity of their mineral characters to 
belong to the Subathd series ; and I do not see, in the absence of characteristic groups of 
fossils, any strong reason for separating these beds, under the name of Hill-Nummulitic 
Limestone, from the nummulitic limestones of the typical Subathd zone. It is true, however, 
that the upper limestone bands in the Mari district are frequently of a lighter colour than 
the lower, but, on the other band, the shales in both the upper and lower beds aro exactly 
similar in character to those of the typical Subathu zone of Mr. Medlicott : the whole of tho 
nummulitic series in this district is undoubtedly of a much greater thickness than in Jamu ; 
approaching thereby to the nummulitic series of Sindh (Blanford, Rec. Geol. Surv., Ind., 
supra, p. 8), and perhaps indicating a formation deposited in a deeper sea than that of 
Jamd. The exact or even approximate thickness of the nummulities in this district, however, 
is very difficult Co determine, since they are so mixed up with the very similar limestones 
and shales of the oolitic and underlying rocks, that it is almost impossible to divide 
the two. 


In the nummulitioe of this district there occur certain bands of thick-bedded dark lime- 
stone abounding in nummulities which do not occur in the Jamu district; it is, I think, 
a by no means improbable suggestion that part of the purple clay series of the Jamd district 
(uummuliferous on the Pine River), and which I have said does not seem to he represented 
here, may really belong to the same horizon as part of the limestone and shale series in this 
district ; the series in the Jamd district having been deposited in a more shallow sea than 
present beds. N : 


: V > :Jir. Wynne [sup, <*&.) has described a number of purple sandstones and red days inter- 
between the upper and lower limestone series in the Marf district; these beds» or the 
them, are so exactly similar in mineralogical character to the overlying, Marf 
tort think their occurrence fa. their present position is die to ftnttixig, 
of the different bands are difficult to deteraihie/owing td crushing and 1 
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The course of the Jhelum between its bends at Mozalfarabad and Urf runs either on gr 
near 'to the line of a broken anticlinal; the beds on the north bank are of a darker colour* 
and more slaty structure with less sandstone, than those 9 on the south bank, which are like 
the upper Mari beds ; the beds on the north bank approach in character closely to those of 
the Pine River in Jamu. The Jhelum anticlinal continues its course near the boundary of 
the red rocks down to Punch, where it becomes lost among the complicated disturbances and 
foldings which have there taken place. 

Prom Urf to a little below Ptinch it will be observed on the map that the strike of all 
the rocks becomes nearly due north and south, returning to its normal line at Rajaori. The 
limestone hills to the east of the Haji-Pir are remarkable for their. peculiarly even summits. 
A strong band of buif nummulitic limestone with black shale bands, capped by purple and 
green splintery shales, runs to the south from the Haji-Pir, dying out to the north-west of 
Punch. 

A well-marked anticlinal flexure runs through the purple rocks from Rajaori to the 
north-west. 

A north and south section along the course of the Aus River from Sar to Arnas cuts 
through the whole of the red series from the metamorphic junction to the Great Limestone 
at Rinssi : the beds throughout this section have the prevailing north-east dip, and appear 
to be arranged in a series of step -faults ; a fault seems to me to occur at the base of each 
main ridge, the lower beds always consisting of dark purple slatey shales with few sandstones, 
while the upper beds are composed of the brighter red clays and purple sandstones of the 
Mari series. I have never seen in any of these sections the coarse (Siwalik P) conglomerate 
capping the red series as described by Mr. Medlicott above Chineni. 

Another large outcrop of the “ Great Limestone" haB been mapped by me along the 
north bank of the Chinab, occurring as usual on a broken anticlinal line. At Shartalla this 
limestone is nearly vertical with a north-east underlie ; it is succeeded suddenly by the red 
clays and purplish sandstones of the upper Mari series, with nearly the same dip and strike 
and apparently conformably ; to the west of the village of Shartalla, however, the red beds 
of the spur on which the village stands are seen striking against the broken edges of a high 
cliff of the limestone, showing the existence of fault with a probably very great downthrow. 
No traces of the nummulitic series which occur in such force resting upon the Great Lime- 
stone at Arnas are seen at Shartalla. 

Here I would say a few words as to the probable age of the Great Limestone, upon 
which, I think, the present inlier throws a little light. This limestone as it occurs at 
Riassi has been well described by Mr. Medlicott (sup, cit ,) ; I may add that when seen from 
a short distance its general appearance is very massive, and exhibits but slight signs of 
distinct stratification in its lower beds, although Mr. Medlicott tells me the higher beds are 
more distinctly stratified. 

The base of the limestone outcrop on the north of the Cbln&b has precisely the same 
appearance as the Riassi limestone ; but on passing north and coming to the topmost beds of 
the series at Shartalla, we find a great change in the character of the roofc i instead of conti- 
nuing with the same unstratified massive appearance, it becomes thin-bedded, less cherty 
in structure, and more blue in colour* with a very characteristic banded dr ribboned look. 
These uppermost beds are exactly similar in character to the carboniferous limestone of 
Vernag in the Kashmir Talley, described by Major Godwin- Austen (rwp; cft f ) ; and I think 
the two are very probably of the same age. f The only fossil I found in the Shartalla lime- 
stone was a pprtion of a Fenestella, weathered out on the surixtce nf a cliff, but which I was 
unable to detach ; many portions of the Kashmir carboniferous are similarly unfossiliferous. 
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I will now proceed to describe the main features of the metamorphic rocks along the 
. boundary of the Sirmdr group, taking sections across the strike at a few isolated points. 
Considerable difficulty must oocur*in dealing with these rocks, as they have hitherto proved 
unfossiliferous both to Major God win-Ans ten’s and to my own search ; I, moreover, have not 
Been any good instances of the super-position of newer rooks upon them from which an idea 
of their age could be gathered. 

My first section is taken along the gorge of the Jhelum between the villages of UVi and 
B4ramul4. The Sirmur rooks at XJri have a high dip towards the metamorphics ; the meta- 
morphics also continue with the same dip within the fault. 

Leaving the red rocks of the Sirmdr zone, the first beds we meet with consist of alter- 
nations of schists and limestones; the former are either red or green in colour and are 
frequently magnesian, and soapy to the touch ; occasionally some of the green shale bands 
contain lenticular nodulars of chert; the limestone (some 150 feet in thickness) which at 
. first alternates with, and then succeeds to, these shales, is dark blue in colour, soft and some- 
what earthy, and never crystalline ; it becomes gradually fissile, and seems eventually to pass 
up intq the overlying slates, but the section is not very clear at this point. After very careful 
search, I could find no trace of any fossils in this limestone. Mr. Wynne, however, tells me 
that on the opposite (right) bank of the river he obtained a few very minute spiral Gastero- 
pods. In mineral structure this limestone is totally unlike either the Nummulitic or the 
Great Limestone. 

Both the limestone and its accompanying shales are but very slightly metamorphosed, 
while they are succeeded by highly metamorphic slates and quartzites, passing in some places 
into gneiss. It appears to me hardly likely that these underlying slightly-altered beds can 
really be older than the metamorphics ; if this supposition be true, the outer series of the 
metamorphics must be inverted, which inversion, as I shall show below, must extend along 
the whole of the Pfr Panjal and adjoining range. Mr, Wynne says that the Urf. limestone 
and shale series is very like in mineralogies! character to the Triassic beds of Changla-galli 
and other places in the Hazara district, and is iuclined to correlate the two. Dr. Stoliczka 
also conjectured that these beds were of Triassic age ; on these grounds, these and similarly 
placed beds to the east have been conjecturally classed as Triassic in the map, though a 
strong objection to this view is noticed further on. 

On leaving the limestone north of Urf the flaggy slates continue with slight alterations 
in mineralogical character along the Jhelum valley into Kashmir ; they are very thick and 
gritty at Urimybo, where they form almost inaccessible perpendicular cliffs along the left 
bank of the river. They become somewhat crystalline and hornblendic at Naoshera. There 
are several folds or faults in the section, but the dip is frequently concealed by metamorpbio 
action. None of the so-called amygdaloids occur in this section. 

Along the river-bed there occur a great quantity of gneiss boulders, forming terraces 
above the present river level. Major Godwin- Austen supposes these to have been brought 
;; down to the present position by glaoier action. The gneiss is not seen in eitu anywhere 
« }fdong the road section, hutoocurs in the mountains on both sides. The gneiss is light grey 
Vjfj»$$our witklargeporphyriti© df white orthoclase.t The gneiss alternates with, and 

{&im* a** integral pari of, the metamorphic slate series, as will be more folly noticed in the 
section. Pebbles of the same gneiss are also found in the streams flowing from the 
, ; Pass, showing that it extends at far west as that point. 

»r If adhere i* built of this stoat, sad not of tmygdMM «• State* tflrBnBSl- 

* P‘ WX 
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Mr. Mallet has kindly examined a specimen of this gneiss for me, and says that it js 
composed of the four following minerals* viz., orthoolase forming the large crystals* frequently 
twins, of a dead white colour ; milk-white quartz ; and two species of mica, probably biotite 
and muscovite. This appears to be the same gneiss as that described by Dr. Stoliozkaas con- 
taining albite veins. 

The limestone band continues to underlie the metamorphic series from I r ri to the Suran 
River, where I have taken another cross section ; on thq Bitarh River, between these two 
points, the green amygdaloidal rocks are intercalated with the slate series, a short distance 
from the limestone. 

The section up the course of the Suran River towards the Pir Panjal Pass gives the fol- 
lowing series of rocks. Leaving the red rocks of the Sirmur group at the village of Dr aba, 
we come upon a thick band of dark-blue limestone (without polychroic shales) similar to 
that of TTri ; the limestone is rather more altered and slaty than to the west, and is soon 
succeeded by thick-bedded flaggy shales, and then again by a variety of the peculiar amygda- 
loidal rocks noticed by Mr. Medlicott (sup, tit., p. 52). 

Before noticing these latter rocks, I must refer to a statement of Major Godwin-Austen, 
asserting the existence of nummulitic limestone on the southern face of the Pir Panjal 
(G. I., G. S. L., vol. XX, p. 385). The outcrop of limestone noticed above must, I presume, 
be the limestone referred to, as no other exists on the Pfr Panjal. When Major Godwin-Austen 
speaks of the sandstone as overlying the limestone, he must imply a normal overlie with 
inversion, for the apparent relations from dip would place the sandstones of the Sirmur 
group below the limestones ; in reality the two are separated by a fault. 

The passage of the limestone into the overlying slates, however, is so clear, that there 
can be no doubt but that they belong to this series. The only remaining question is— does 
the limestone contain nummulites P In answer to this, I can only say that after a very 
careful search I never met with any ; and, moreover, Major Godwin-Austen himself makes no 
mention of having found nummulites in these beds ; apparently, he only placed this lime- 
stone in the nummulitic group from its apparent association with the red rocks in the 
same manner as he at first supposed the limestone of the Dal Lake in Kashmir to be num- 
mulitic, which afterwards turned out to be carboniferous. This limestone is serially continu- 
ous with that of Uri, in which both Mr. Wynne and myself have carefully hunted for 
nummulites without success. 

Returning now to the so-called ‘'amygdaloidal traps/' we find these rocks of very 
common occurrence all along the Pir Panjal range. They were considered by Dr. Yerchere to 
be of volcanic origin— a supposition which does not appear to me to be borne out by their 
mode of occurrence ; unfortunately, I have mislaid the specimens which I had intended to 
bring down for examination.^ 

These amygdaloids always occur interstratified with the slates of the metamorphic series* 
the passage between the one and the other being gradual. They generally also seem to be 
locally continuous in extent with the slate series*— not thinning oat, as should be the case if 
they were contemporaneous traps ; neither are there any beds oftrapwash in ihe series. There 
is no sign of any greater alteration in the slate beds which lie belowthemthan in those above 
them, and the amygdaloids themselves are very distinctly stratified. The base of the rock 
;k either green or purple in oolour, and the amygdala either green or white, varying in size 
from that of a pea to that of a small walnut; they are frequency ixregukr in shape; the 
base is very hard mid fine grained* and appears to be partly aiLua o ua, 

In places, as on the Banihal Pass, these rooks pass imperceptibly up or down into almost 
<imaltered earthy sandstones and grits* without amygdala; of , these sandstones there can.be 
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up doubt as to tlieir aqueous origin ; in other places the amygdaloid® pass up into slates. How 
far the former presence of cavities^now filled by amygdala) in these rocks militates against 
their metamorphic origin, as indicating the absence of excessive pressure, I leave to more 
experienced physicists tlian myself to judge ; 1 have never seen these amygdaloidal rocks in 
contact with strata of the Sirmtir group, as noticed by Mr. Medlicott on the Ravi (sup. cit ., 
p. 52). Whatever view may be held as to their origin, there can be no doubt but that they 
arc contemporaneous with the great mass of rocks of the Pir Panjal. Dr. Stoliczka in his 
Yarkand Journal (p. 4) considers "the similar awygdaloidal rocks of Kashmir as metamorphic. 

Continuing our section up the Suran River, we come upon another band of blue earthy 
limestone at the village of Bifliage, followed by the same series of amygdaloids and slates. 
This second band of limestone appears to be faulted against the amygdaloids of the outer 
group, and is probably only a repetition of the same series. The whole of the rocks noticed 
above have a steady north-easterly dip. The green and purple amygdaloidal series come to an 
end about a mile below Baramgalla ; they are succeeded by silky magnesian shales. Thick 
bands of white quartzite are here and there interstrati fied with the shales. 

Owing to the great quantity of snow on the pass, I only went along the road as far as 
the halting place of Poshiana ; shales and amygdaloids continue thus far with the same dip ; 
pebbles of the same rocks form the only debris brought down by the streams, so these pro- 
bably continue all the way up to the pass. The only other rock I noticed in the streams was 
a very hard silicious conglomerate, containing pebbles of quartzite and slate. I did not see 
this rock in situ ; it probably indicates a break somewhere in the slate series. Gneiss does 
not occur anywhere on the south side of the pass. Between Baramgalla and Rajaori the 
same slate and amygdaloid series continues, but the Un limestone is not exposed at the base. 

To the eastward of the Pir Panjal Pass, along the valley of the Aus River, I have not 
been able to take any section across the strike of the strata for a considerable distance, 
having merely followed the boundary of the metamorphic rocks. The series of rocks in this 
region exposed at the base of the slate series differ considerably in character from those to 
the westward. At the village of Kiol the following series is well exposed along the bank 
of a tributary stream ; the section is from below upwards : — 

a. — Purple or white, fine grained, glistening quartzites ; base not exposed, and top only 
seen at intervals. 

5. — Black shales (50 to 200 feet thick), containing thin bright bends of brittle coal, 
and nodules of iron-ore ; in many places the shales are altered into hard black 


c. — Dark blue earthy limestone, frequently bituminiferous ; sometimes massive but more 

usually nodular, passing gradually up iuto the next zone. 

d. — Amygdaloidal and black slate series. * 

these I shall subsequently designate as the Kiol group. 

The limestones appear to be veri similar in mineralogical character to those of Urf, 
Occupying the same relative position under the metamorphic series. The coal shales are not 
;^snd at V% hut occupy the position of the green and purple shales of that place. The coal 
^eet occurs in layers of more than an inch in thickness, and these do not extend continu- 
O^ly fbr more than short distances. The occurrence of these slightly altered limestones and 
at the base of the met&morplue series, seems to point to the same conclusion as 
* inversion, these strata being the new it of the two. 

si of Sang on the Aus River, the white quartzites of the Kiol series are 
4 faulted juucUon against the red sandstones and days of the Sirmhr 






Sktteh Section of the Pir Puijtl * t Bunihal 
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group, the contrast of the two colours forming a very striking feature, seen for many miles 
down the valley. The coal-bearing shales of the Kiol group become more altered towards tne 
east; up the valley of theGolabgarh stream porphyritic gheiss similar to that of ITrf occurs; 
the gneiss alternates with the slate series. 

The Kiol series corresponds somewhat in mlneralogical characters to the Math and 
Kuling series of Dr. Stoliczka {Notes on North-Western Himalaya, Mem. Geol. Surv. Ind., 
vol. V, p. 185), both alike containing white quartzites, shales, limestones, (altered) sandstones ; 
the Kuling series is, however, of Triassic age, and from their position and from the 
absence of carboniferous limestone beneath them, I doubt whether the Kiol series could 
belong to the former period; they seem rather to correspond with the lower beds of Major 
Godwin-Austen's sections to the north of Pir Panjal, which Dr. Stoliczka conjectured might 
be of Silurian age. The great mass of metamorphic rocks on the north side of the Pir Panjal 
may still be considered as of Cambrian age, the Kiol series as probably Silurian, and perhaps 
partly carboniferous, while the Great Limestone of Mr. Medlicott should be entirely carboni- 
ferous. The limestones and shales of Un correspond in relative position with those of the 
Kiol series, and may very probably be placed on the same horizon. Mr. Wynne thought the 
IPri rocks were of Triassic age ; but then, as in the case of the Kiol series, there would be no 
representative of the great carboniferous limestone between the On limestones and the 
metamorphics. 

The accompanying diagrammatic section taken from the village of Turu on the east 
bank of the Aus River into Kashmir, explains my idea of the sequence of the strata. The 
ridge of central gneiss forms an unsymmetrical anticlinal axis, covered by inverted Cambrian 
strata on the south, and followed by Cambrian and Silurian strata, much contorted and 
folded, on the north ; beyond the Silurians there is a fault separating them from the carboni- 
ferous limestones of Kashmir. 

The last section which I have taken extends from the Chinab River, across the Banihal 
Pass into Kashmir, and is partly represented in the foregoing diagram. The bright red clays 
of the Sirmur series are nearly vertical where they lie against the metamorphics on the Chanz 
River. Along the north bank of this river the limestones and shales of the Kiol series are 
not exposed. The rocks seen consist of black and rusty brown slates, generally splitting into 
irregular flaggy masses, intercalated with frequent beds of quartzite. At the distance of 
about a mile and a half up the Bichlari stream, we come upon a fine-grained gneiss, some- 
times hornblendic and sometimes porphyritic like that of Fri ; this gneiss has at first 
a north-easterly dip of about 60° (inverted), becomes quite verticaTat Pantol, and beyond this 
again requires a north-easterly underlie. The vertical rocks of Pantol form lofty cliffs between 
which the river flows in a narrow gorge. At both its boundaries the gneiss intercalates 
with semi-crystalline rooks, and these again with the slate series, so that it becomes almost 
impossible to define on the mag the exact boundaries of the different rooks. 

The gneiss does not extend to the northward beyond the village of Gangna, at which 
place it is succeeded by the overlying series of black and green splinting schists. In places 
there are a few behds of the green amygdaloid*; and a few veins of oarhmu^piB shale 
occur in the shaly grits whioh occur about three n$es north of Gangna. A IIW rave Goond 
there are a few bands of blue earthy limestone, alternating with coarse greyiih sandstones 
and grits, showing but very slight signs of mefcamorphism. Along fhb Banihal stream a 
synclinal and an anticlinal fold run through the grit strata. * < 

On the Banihal Pass these strata contain hands of white pinkish oherty grits, 
black flaggy shales, and a few green amygdaloids, all with a steady north^sterly dip ; there 
are also a few bands of a fine-grained grifcoonglomerate andetrings of white quartzite. These 
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rocks, as being the uppermost of the metamorphic aeries, correspond well in position and 
character with the Bhebeh or Lower Silurian series of Dr. Stoliozka, who suggested ( Notes 
on Western Himalaya, p. 360) tHlat part of the metamorphic rocks on this line belonged to 
the Silurian Beries. 

On the north side of the Banihal Pass there appears (as shown in the section) to be a 
faulted junction between the metamorphic and the carboniferous limestones of Kashmir 
(Godwin- Austen, sup. cit .) ; the limestone at the junction dips towards the pass at a high angle 
in the opposite direction to the dip of the metamorphics. 

The gneiss ridge has nearly the same strike as the gneiss of the Dhaoladar range, and 
the Kiol limestone has the same relative position in regard to the Banihal gniess as the Krol 
limestone of Mr. Medlicott has to the Dhaoladar gneiss (Medlicott, Mem.) Geol. Surv. Ind., 
vol. Ill, map and sect., p. 63) ; and it is quite possible that the two series are contem- 
poraneous. Dr. Stoliozka has, however, attempted to correlate the Krol limestone with his 
Kuling (Triassic) series ; according to my view, however, the Urf Kiol and Krol limestones 
are more likely to belong to the Bbabeh or Silurian series, forming an interrupted zone along 
the base of the Dhaoladar and Pfr Panjal ranges for a long distance. 

On the low pass at Baramtf 1&, there occur large masses of modem strata of sand, clay, 
and very coarse gravel. These beds rise to a height of at least 500 feet above the present 
level of the river, and are tilted at an angle of about 9° to the eastward ; many of the 
pebbles are crushed in situ . These beds are quite different in structure from the Kareewahs 
of the Kashmir valley, and differ also from the latter in being tilted. As none of the superfi- 
cial alluvium in the outer hills have been disturbed from their original horizontal position, it 
is, I think, probable that these Baramdl& beds are older, possibly Siwalik. 
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Fragments of a meteorite which fell at Judesegeri 
village, Tumkoor district, Mysore, on the evening 

of the 16th February 1876 ... ... Chief Commissioner, Mysore. 

Fragments of a meteorite ... ... Sent by the Agra Archaeological So- 

ciety to Asiatic Society, ^Bengal, 
and transferred to the Indian 
Museum. 
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Cloizeaux, A. deb. — M anuel de Minoralogie, Vol I (1$62), II, pt. I (1874), with Atlas, 
8vo., Paris. 

Doelter, Db. C. — Die Restimmung der petrographisch wichtigeren Mineralien durch das 
Mikroskop (1876), 8vo., Wien. 

Encyclopaedia Britannica, 9th edition, Vol. IV (1876), 4to., London. 

Ettingshausen, C. R. tr.— -Die Blatt-Skelote der Dikotyledonen (1861), 4to., Wien. 

Fuchs, Db. C. W. C. — Practical Guide to the Determination of Minerals by the Blow-pipe, 
(1868), 8vo., London. 

Helmersen, G. V. — Die Telezkische Seo und die Telenten in Ostlichen Altai (1838), 8vo., 
St. Petersburg. 

„ „ Beise nach dem Altai im Jahre 1834 (1848), Svo., St. Petersburg. 

Lartet, L. — Essai sur la Gdologie de la Palestine (1869), 8vo., Paris. 

Levmebie, A.— Memoire sur lo Terrain a Nummulitesdes Corbin res et dela Montagne Noire, 
4to., Paris. 

MicnELOTTi, G.— Etudes sur le Miocene Infdrieur de VltaHe Septentrionale (1861), 4to., 
Haarlem. 

Mojsisovics, Ed. von. — Ueber die Ausdehnung und Structur der Sud-Osttirolischen I)olo- 
mitstocke (1875), 8vo., Wien. 

Oppel, Dr. A. — Ueber Ostindische Fossilreste (1863), 8vo. 

Percy, Joiin. — Metallurgy, revised edition (1875), 8vo., London. 

Rivot, L. E. — Docimasie Traitd d’Analyse des Substances Mindrales, Vol. I (1861), — IV, 
(18G6), 8vo., Paris. 

Sauveur, Dr. — Vegetaux Fossiles des Terrains Houillers de la Belgique (1848), 4to. f 
Bruxelles. 

Seeland, F. — Der Hiittcnberger Erzberg und Seine nachste umgehung (1876), 8vo., Wien. 

Storer, Frank H. — First Outlines of a Dictionary of Solubilities o£ Chemical Substances 
(1864), 8vo., Cambridge. 

TcniHATcnEFF P. db. — Asie Mineure, Vols. I — III, Gdologie, (1867-1869), 8vo., Paris. 

Watts, Henry. — A Dictionary of Chemistry, new edition Vols, I (1874) — VII (1875), 
8vo., London. 


PERIODICALS, SERIALS, &o. 

Abstract of the Reports of the Surveys and of other Geographical Operations in India for 
1873-74, (1876) 8vo., London. 

India Ojtvice. 

American Journal of Science and Arts, 3rd Series, VoL XI, No. 66, and XII, Nos. 67—68, 
(1876), 8vo., Nay Haven, : 


Annals and Magazine of Natural History, 4th Series, Vol. XVII, No* |^ and XVIII, 
Nos. 103 — 104 £1876), 8vo,, London. . ^ / 

Bibliothfeque Universelle et Revue Suisse, Vol. LVI, Nos. 221 — 223 (1876), 8vo., Lausanne. 
Bibliothbque Univeraella at Revue Suisse ; Archives des Scicnc^ Phy^ues ei Naturelles, 
Vols. LV, No. 220, and LVI, Nos. 221^~222 (1876), 8vo., Geneva. 
Geographical Magazine, Vol III, Nos. 6—8 (1876), Roy. 8vo., London. 
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Geological Magazine, New series, Decade II, Vol. Ill, Nos. 6—8 (1876), 8vo., London. 

Journal de Oonchyliologie, 3rd Series, Vol. XVI, No. 3 (1876), 8vo„ Paris. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 6th series, 
Vol. I, Nos. 6—7, and Vol. II, Nos, 8—9 (1876), 8vo., London. 

Martini und Chemnitz.— Conchylien Cabinet, Lief. 247—248 (1876), 4to., Niirenberg. 

Nature, Vol. XIV, Nos. 346—366 (1876), 4to., London. 

Neues Jahrbuch fur Mineralogie, Geologie, und Paheontologie, Jahrg. 1876, heft. 4—6 
(1876), 8vo., Stuttgart. 

Novitates Conehologicte, Lief. 48—49 (1876), 4to., Caesel. 

PaltBontograpliica, Band XXII, lief. 7, XXIII, lief. 9, and XXIV, lief. 1 and 2, (1876), 4to., 
Cassel. 

Petebhann, Db. A.— Geographische Mittheilungen, Band XXII, heft. 6—6 (1876), 4to., 
Gotha. 

» i, Geographische Mittheilungen: Supplement, Band XLVI — XLVII 

(1876), 4to., Gotha. 

Pooobndobff, J. C.— Annalen der Pliyeik und Chemie, Band 168, Nos. 6 and 6, (1876), 8vo., 
Leipzig. 

Professional Papers on Indian Engineering, 2nd Series, Vol. V, No. 21, (1876) 8vo., Roorkee. 

Thomason Colllege of Civil Engineering. 

Quarterly Journal of Microscopical Science, New series, No. LXIII (1876), 8vo., London. 

Quarterly Journal of Science, No. LI (1876), 8vo., London. 

Report on the Progress and Condition of the Royal Gardens at Kew during 1875 (1876), 
8vo., London. India Office. 

The Athenaeum, Nos. 2637 — 2648, (1876), 4to., London. 

The Colliery Guardian, Vol. XXXI, Nos. 805—816 (1876), fol., London. 

The Mining Journal, with Supplement, Vol. XLVI, Nos. 2128—2139 (1876), fol., London. 


GOVERNMENT SELECTIONS, REPORTS, &c. 


Central Provinces.— Minute by the Chief Commissioner, Central Provinces, on the Warora 
. Colliery Works and the Chanda Coal and Iron Mines, together 
with report on experiments tried in England on the manufacture 
of iron from Indian Ores (1876), flsc., Calcutta. 

Government of India, P. W. Department. 


Report on the Administration of the Central Provinces for 1874-75 
(1875), 8vo., Nagpur. 

, Chief Commissioner, Central Provinces. 

India.— L ist of Civil Officers holding gazetted appointments under the Government of India 

llwu®.,;. I^tiaHve, and Foreign . Departments (1876)* 
' 8ve.,.QBlcutta. ' 

Home Department. 

, t ; Beport on % Administration of the Imperial Customs Department for 1867 to 
ISISj With appendices (1867-75), flsc., Calcutta and Allahabad. 

Deft. Rsvesue, Agriculture aetx> Coxksscs, 
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India.— Selections from the Records of the Government India, No. 125. Report on the 
Administration of the A, j mere and Mhnirwarra Districts for 
1874-76, by L* S. Saunders (1876), 8vo., Calcutta. 

Foreign Department. 

„ Selections from the Records of the Government of India, No. 126. Annual Adrninis- 
> tration Report of the Munnipoor Agency for the year ending 
30th June 1874-76 (1876), 8vo., Calcutta. 

Ditto. 


Madras. — Report on the Administration of the 
Madras. 


Madras Presidency for 1874-76, (1876), 8vo., 
Madras Government. 


North-Western Provinces.— Atkinson, E. T. — Statistical, descriptive, and historical 
account of the North-Western Provinces of India, Vol. IV, 
Agia Division, Part I (1876), 8vo„ Allahabad. 

Government, N. W. Provinces. 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES. 

Basel. — Abhandlungen der Schweizerischen Palaontologischen Gcsellschaft, Vol. II (1875), 
4to., Basel. 

Berlin. — Monatshericht der Konig. Preuss. Akad. der Wissenschafton zu Berlin, March to 
May (1876), 8vo., Berlin. 

The Academy. 

„ Zeitschrift der Deutschen Geologischen Geeellschaft, Band XXVIII, heft. 1 (1876), 
8vo., Berlin. 

The Society. 

Bristol. — Proceedings of the Bristol Naturalists* Society, New Series, Vol. I, pt. 3 
(1876), 8vo., London. 

The Society. 

Brussels. — Annuaire de l’Acaddmie Royale do Belgique (1876-76), 12mo., Bruxelles. 

The Academy. 

„ Bulletins de Y Acaddmie Royale de Belgique, 2nd Series, Vol. XXXVII 
(1874), — XL (1876), 8vo., Bruxelles. 

Ditto. 

„ Mdmoires Couronnds et autres Mdmoires, Vole. XXIV— XXVI (1876), 8vo., 
Jjruxelles. 

Ditto. 

„ Mdmoires Couronnds et Mdmoires des Savants Strangers, Vol. XXXVIII 
(1874), and XXXIX (1876), 4to»> Bruxelles, 

. , . , .. ’'vVsk- Ditto. 

„ MSmoiree de 1’ Acaddmie Royale de Science, Vol.XLI, pike. | and 2 (1876-76), 
4to., Bruxelles. 1 A' ■ 

■ Ditto. 

„ Notices BiographiqueB et Bilriiograpluques concemant Ibb MembreB, &o., de 
1‘ Aoad&nie B&yale de Belgique (l876), lMo,, Bruxelles. 


Ditto. 
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Calcutta. — Journal of the Agricultural and Horticultural Society of India, New series, 
Vol. V, pt. 2 (1876), 8vo., Calcutta, 

The Society. 

„ Journal of the Asiatic Society of Bengal, New Series, Vol, XLV, pt, 2, Nos. 1 and 2 
(1876), 8 vo., Calcutta, 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. VI — VII (1876), 8vo., 
Calcutta, 

Ditto. 

Copenhagen. — Mdmoires de Y Academic Royale de Copenhagen, 6th series, Vol. XI, No. 2, 
and XII, No. 2 (1875), 8vo., Copenhagen. 

The Academy. 

Fbankfoet — Abhandlungen der Scnckenbergischen Naturforschenden Gesellschaft, Band X, 
heft. 1 and 2 (1876), 4to., Frankfort. 

Glasgow. — Proceedings of the Philosophical Society of Glasgow, Vol. % pt. 1 (1876), 8vo., 
Glasgow. 

The Society. 

London. — Journal of the Anthropological Institute of Great Britain and Ireland, Vol. VI, 
No. 1 (1876), 8vo., London. 

The Institute. 

„ . Journal of the Linnssan Society, Zoology, Vol. XII, Nos. 57 — 59, Botany, 

Vol. XIV, Nos. 73 — 80, with list of Fellows for 1874 (1873 — 1875), 
8vo., London. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland, New series, 
Vol. VIII, No. 2 (1876), 8vo., London. 

The Society. 

„ Journal of the Royal Geographical Society of London, Vol. XLV (1876), 8vo., 
London. 

The Society. 

„ Proceedings of the Royal Geographical Society of London, Vol. XX, No. 4 
(1876)* 8vo., London. 

Ditto. 

p 

„ Proceedings of the Royal Society of London, Vol. XXIV, Nos. 168ahd 169 (1876), 
8vo., London* 

' f ' .■ > - ’/ jV ' ’ The Society. 

Quarterly Jbtitnol Of ! ^v Geological Society of London, Vol. XXXII, pt. 2, 


\l8tidj, 8m, Ldndon. 

The Society. 

iJCBfc— Transactions of tie Manchester Geological Society, Vol. XIV, pt. 3 (1876), 

8vo.jj " tikJ 



The Society. 
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Melbourne. — Geological Survey (^Victoria. Prodromus of the Palaeontology of Victoria, 
Decade III (1876), 8vo., ^Melbourne. 

The Survey. 

„ • Mineral Statistics of Victoria for 1875 (1876), fisc., Melbourne. 

Government Mining Department, Victoria. 

„ Report of the Chief Inspector of Mines to the Hon’ble the Minister of Mines, 
for 1875, (1876), fisc., Melbourne. 

Ditto. 

„ Reports of the Mining Surveyors and Registrars for quarters ending 31st 

December 1875 and 31st March 1876 (1875-76), fisc., Melbourne. 

Ditto. 

Montreal. — Geological Survey of Canada. Report of Progress for 1874-75 (1876), 8vo., 
Montreal. 

The Survey* 

Moscow, — Bulletin do la Socidtd Impdriale des Naturalistes de Moscow, Nos. 3 and 4 (1875), 
8vo., Moscow. 

The Society. 

NEuenATEL. — Mdmoires de la Socidtd dcs Sciences Naturelles de Neuchatel, Vol. IV, pts. 1 
and 2 (1859-1874), 4to., Neuchatel. 

Paris. — Bulletin do la Socidtd Geologiqne de France, 3rd series, Vol. Ill, No. 9. and Vol. IV, 
No. 2 (1875-76), 8vo., Paris. 

The Society. 

„ Bulletins de la Socidtd d’ Anthropologie, 2nd series, Vol. XI, pt. 1, (1876), 8vo., 
Paris. 

The Society. 

Penzance. — The 62nd Annual Report of the Royal Geological Society of Cornwall (1876), 
8vo., Penzance. 

The Society. 

„ Transactions of the Royal Geological Society of Cornwall, Vol. IX, pt 1 
(1875), 8vo., Penzance. 

The Society. 

Philadelphia.— Journal of the Franklin Institute, 3rd Senes, Vol. LXXI, No. 6, and 
LXXII, No. 1 (1876), 8vo., Philadelphia. 

* The Institute. 

Rome.— Bolletino R. Comitato Geologico d’lfcalia, Nos. 5—6 (1876), 8vo., Roma. 

; , The Geological Commission of Italy. 

g®, Petersburg*— Tableau Gdndral Mdihodique et Alpteabdtique Matieres continues 
dans les publications de T Acaddmie Impdriale des Sciences do 
St. Petersburg depute sa fo\mdat|oii, pt. 1 (1872), 8vo., St 
Petersburg. 


The Academy. 
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Tqbonjco. — Canadian Journal of Science, Literature and History, Hew series, Vol. XV, 
Nos. 1 and 2, (1876), 8vo., Toronto. 

The Canadian Institute. 


Venice. — Memoire dell* I. R. Istituto Veneto di Scienze Lettere ed Arti, Vols. VIII, pt. 1, 
and XII, pt. 2, 1869 and 1865, 4to., Venezia. 

Wellington. — Transactions and Proceedings of the New Zealand Institute, Vol. VIII 
(1876), 8vo., Wellington. 


The Institute. 


4ih October 1876. 
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Notes on the age of some fossil flobas in India, by Ottokar Feistmantel, m. 

Geological Survey of India,* 

III, IV and V. 

In the last number of the Records I had occasion to discuss the relations of some 
local fossil floras of India, and from those relations, after a thorough comparison of our 
floras with others, I attempted to draw natural conclusions regarding the age of the rocks 
in which the plants occur. I began with the highest groups of the Gondwdna series, 
and gave a list of fossil plants found in the plant-beds in Each, and in those iuterstratifled 
(partly) with the volcanic formations of the Rdjm ah 41 hills. I also referred the flora from 
Golapilli, (Kolapilli) near Ellore (Madras Presidency), to the same age as the Rdjmahdl 
group. 

Proceeding in natural order, I should next describe the other local floras more or 
less closely allied to those mentioned above, i. e , to the Each and Rdj mahdl groups. 
Such local floras are found in the Jab a Ip dr group of the S atptira and South Rewah 
areas, the Sripermatdrbeds near Madras and the Trichi nopoly plant-beds. I will, 
however, postpone the consideration of these for the present, in order to give a prelimi- 
nary sketch of the floras found in the lower groups of the Gondwdna system, which are 
paleontologically more interesting, as determining the geological range of this system as 
a whole. 

The groups to be noticed in tbe present paper, according to the classifioation adopted 
by tbe Geological Survey of India, are tbe following 

а. — The Panchet group. 

б. — The Damtida group. 

c.— The Tdlohir group. $ 

However opinions may differ as to the age of these three groups, as indicated by their 
floras, I do not doubt for a moment that all belong to one geo logical epoob^tho 
Trias. Tbeir precise age, in each case, will be shown far a discussion Of each flora 
separately. I should consider it a great paleontological mistake on my *nd & would 
show want of knowledge of the literature# were I to decide otherwise* H eeems to mo 
incorrect to suppose that the floras of these groups cannot be eempsAf mtk a well known 
fossil flora in Europe# and to refer them instead only to a less perfectly tjUOWU flora in Aus- 
tralia, with which some of our plant-beds hare by accent one W two (Snera in common, On 
the other hand# several important genera $>und in (be fossil floral m India are identical with 
— ' * ' — — 
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those described from a well known and defined horizon amongst the rock-systems of Europe, 
while not one of the animal fossils, which serve to determine the age of the lower portion of 
the Australian coal strata, has ever been found in our series. 

t 

1 regret only that the provisional determinations of the plant remains given by Mr. 
ham in his paper in the Memoirs, vol. II, have been misunderstood, and have given 
> to wrong conclusions, as the present state of our knowledge shows that the real 
n^&tioxxs of the fossil plants are different from what they were formerly supposed to be. 
For any safe inference the following conditions must be fulfilled 

1. — Only a thorough determination of the fossil remains can be used for the 

determination of the age of the series. ^ 

2. — Ube comparison must be made with all the known floras, and not only with 

one, especially if that one be not typical. * ' 

3. — Where, besides the fossil plant remains, there are no fossil animals, the typical 
plants must determine the age of the groups, especially if the species of 
plants are identical with other well known and characteristic forms found 
in formations of well determined age. 

The conclusions must agree with all laws of Palaeontology ; if one law is aban- 
doned, the conclusions are uncertain, and contradictions appear which are 
unnatural. 

6. — It is not unnatural that certain genera having a wide range in time should 
be common to several series. They can, however, be of no important 
influence in fixing age, which must be determined by the other fossils 
with which they are associated. 

For instance, Jthere is nothing strange in the same species of Ptilophyllum, Morr., 
Incurring both in the]|R£jmah&l series ( Lias ) and in the Each series ( lower Oolite), 
nor in some species of Ferns or JZquisetacea, being found in the Carboniferous . 
and Permian;"|and similarly there is no reason why a certain species of the genus 
&lo8sopteri*i Brgt., occurring in our Da mu da series, the flora of which is really 
Mesozoic, should pot also be found as well (and perhaps prevail) in some of the supposed 
P&l&ozoic coal strata of New South Wales. 

We wh^ ll tee thatjcharacteristic species are found in the Panchet group and throughout 
the Damuda formation, and that these species clearly define the age of the beds, while 
Schixoneura is common to both, and proves that both belong to the same great epoch. The 
Damfida group has no real connection with the lower coal-beds of New South Wales, 
although GlosQgpterie, Brgt., occurs in both, and in Australia (but only in the lower strata) 
is associated with marine fossils of palaeozoic age. The pjapt-beds of Kach and those of 
B^jmshM, as was shown in the last number of the Records, are, it is true, of different ages, 

' bnt yet belong to the same great epoch, and are related by the occurrence of certain species 
genua JP 'tibphyllum, McHr^f ih the same naanner, we shall find th at (he three aeries 
be , desmibed^ forms ; that the Panehet 
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III.— F*ORA AND FHOBABUS A0B OF THE PaNOHBT GBOtJF.* 

In his paper on “the Baniganj ooabfield,” 1. c., ^Mr. W. T. Blanford described some 
beds overlying the Damtidas as the Panchet group. From this group, both animal and 
plant remains are known. The first have been already described by Prof. Huxley in the 
Palseontologia Indies, Ser. IV, Ho. I, and determined as bones of Labyrinthodonts 
and Dicynodonts . Besides these some Estherim were also found. These animal fossils, in 
connection with the plant remains, amongst which Mr. Oldham recognised some triassic 
forms, led to an approximate determination of the age of the Panchet group. This we 
find expressed on page 205 of Mr. Oldham's paper, 1. c. (Mem. Ill) in the following 

words: “ I feel no hesitation in expressing my belief that the Panchet group 

of the present report represents the earliest portion of the great mesozoic division in the 
neral geological scale, or, in other words, is of about the same age as the Buntersand- 
stein and Keuper of Europe." 

There is only to be remarked, that to this group cannot be attributed the age of two 
different European strata (as Buntersandstein and Keuper are). From a comparison of the 
plants I must as I shall show, accept the age of the Keuper for our Panchet group. 

Mr. Oldham gave also a provisional list of the plant remains (Mem. Ill, p. 204) 
which has been reproduced in a recent paper of Mr. H. F. Blanford.t 

The list was— 

Schizonewra, 1 species. 

Taniopteris , 1 „ 

Sphenopteris, 2 „ 

Neuropteris ? 1 „ 

Pecopteris , 2 „ 

Preisleria, 1 ,, 

Of these I have been unable to find any Sphenopteris or any true Neuropteris , whilst 
with regard to the doubtful genus Preisleria , Presl, we now know from the investiga- 
tions of Prof. Schenk, that in the specimens which Presl described! the leaf fragments 
belong to Zamites distans , Presl, and that the flower or fruit-like figure (fig. 10) is an arti- 
ficial production, as I will point out hereafter. Our fossils, which Mr. Oldham compared with 
Preisleria , are, as I think, more probably the fructification of someequisetaeeous plant. 

As I shall before long have occasion to speak of these plant remains, as well as of the 
others, in more detail, with illustrations of the best of them, I will here only briefly notice 
the most important— 


A—EQ UI8ETA OEM. 

Bemains of equisetaceott plants are of frequent occurrence; one very important 
genus being especially abundant. 

Genus : Schxzonsura, Schimp. 

(Schimper et Mongeot * Monogr. CL pi. foie. dtt Orta bigarrd dee Vosges, iWfcfc) 

Schimper and Mougeot described this peculiar genus from this bigarr,*’, 

(Buntsandstein) of the Vosges-mountains. But it has since been found also in Keuper 
and iu Bhsetio. There are in all about four species known. 


Vide W. T. Blanford : Memoirs, Geolog. Sort., tit, Part ]; pp. 89, 13B, 182, 

„ Th. Oldham j Additional remarks on the geological relatione, eta. Mm* Gool. Sour, til, p. 197, 
Quart Joura. Geolog, See., 1876 : On the ago and correlation of the plant-bearing series of ladle, etc, 
Sternberg, II, tab. XXXIII, f. 6-10, 
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Our species from the Panchet is distinguished from those previously described by 
thd dimensions of the leaflets (on the spathes), which are broader. It comes nearest to 
Schizoneura paradoxa, Sohimp.-Woug., from the Vosges sandstone. As I think lam 
justified in considering this species from the Panchet group as identical with that from 
the R&niganj group (Damtida), I shall describe it under the following name:— 

1. Schizoneura Gondwanensi s, Fstm. The description will be given farther on 
under the Damuda flora. 

This species is of great importance ; both because it is of influence in the determination 
of the age (for these broad-leaved forms ire only found in the Trias), and because it serves 
to connect the Panchet with the upper portion of the Damuda (R&niganj group) ; as this 
species is found in both groups of the lower portion of the Gondw&na series I name the 
specieB Gondwanensis . There occur also a great variety of stalks, stems, and evidently at t 
Bhizomes and rootlets, belonging no doubt to this genus. 

The fossils which Mr. Oldham identified with Presl’s genus Preisleria I am inclined 
to look upon as the fructification of Schizoneura : they have certainly nothing in common 
with the form described by Presl. I have already mentioned that Presl's figure was taken 
from a specimen which had been altered by artificial means. Schenk* has proved that 
Presl's figuref belongs to Zamites distant, and he considers that the markings which were 
taken for inflorescence were produced by painting the specimen with Indian ink.]; 

# JB. — FILICES. 

Amongst these, there are two species of importance for the determination of the age. 
The most abundant is— 

1. Pecopteris concinna , Presl. Sternberg : FI. d. Vorw. II, Tab. XLI, fig. 3. 

AJfera, of which we have several specimens found in a greenish grey soft sandy clay 
which has not been quite suitable for the preservation of the tender parts of the fronds ; 
still our specimens agree exactly with Presl's figure. 

Mr. Oldham recognized this species, and says on page 205 of his paper (Mem. Ill) : 
“ A Pecopteris is undistinguishable from P. concinna, Presl, a triassic (Keuper) form.” 
It is true that Presl and other authors after him considered the locality of P. concinna , Presl, 
(Hoefen near Bamberg) as Keuper, but Schenk has shown that thiB locality as well as 
several others belong to the Bhmtic formation, intervening between Keuper and Lias. 
Nevertheless, on account of its occurrence with Schizoneura Gondwanensis, Fstm., I will 
consider it Keuper. 

The other species is— 

2. Cyclopteris pachyrachis, Goppert : Gattungen der |ois. Pflanz,, Lief 5, 6, p. 94 
Tab. IV, V, figs. 13, 14. 

This fossil was originally described from Bamberg, and was supposed to have been 
found in beds belonging to the Keuper* Other authors, including Schenk, have described 
it under the same name j but the la* t named writer, from a special examination of the 
* has proved that the locality at which the fossil was procured belongs to the 

.JR&d&t** 5 beds, and its position is nearly the seme as that of Pecopteris concinna, Presl* 

JMI Bone'MMtaaA, «r. 

Tew II, PU XXXIII, Off. 10. « 

p. 16*. M Jta Original m In Car XrftSHniBilniw sn Bayreuth beflud- 
» *» 1st salt Tnsefce bmm nod Bind die rsaden fehwaiwm Stalls** wit 
*th*rt wabrschomllcb ebenfalls su ZamU* 
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Sohimper has more lately transferred Cgcfaptefis pa chyrachis, Gopp., first to Neuroptepis, 
Brgt., and in the last volume of his Pal6outologie vdgdtale (III, p. 476,) to Peoopteris. 

Besides these two very well marked species of ferns \here are some more indistinct frag- 
ments, only one of which requires notice here. It is a species of Tamiopteris, Brgt., which, 
from the general habit of the frond and its coriaceous appearance, must, I think, be referred 
to Oleandridium , Sohimper, and is evidently somewhat allied to 0. stenoneuron , Schimp, 
(Schenk) from Eh » tic beds. 

In general, therefore, the Flora of the Panohet is very poor ; but still it is sufficient 
for comparison with other Floras, and for determining the age, at least with some probability. 
All the fossil plants hitherto found in the Panchet jocks are from one locality south of 
Maitdr, on the west branch of the Nfinia in the R&niganj field. 

Amongst the Panchet fossil plants Schizoneura Gondwanensis, Fstm., is the most 
important form. 

If we now turn to the determination of the age, we have, excluding the reptilian remains, 
especially to consider three very well marked species, which at once indicate an ago lower 
than Jura (including Lias). Of these three plants, two, Pecopteris eoneinna, Presl, and 
Cyclopteris pachyradhis, Gopp., (as well as, perhaps, the Tceniopteris , Brgt.,) would indicate 
the transition series between Keupor and Lias; but the occurrence of Schizoneura Gond - 
wanemis , Fstm., which on the one side is allied to the European broad-leaved species 
Schizoneura paradoxa, Schim.-Moug., from the Yosges (Buntsandstein or grfcs bigarrd), on 
the other side is the same as the Schizoneura so abundant in the Raniganj group (Upper 1 
Damuda), which also, as will be seen, is lower Triassio (grfcs bigarrd), induces me to take 
the plants altogether as indicating a rather lower age, and I do not hesitate to consider 
them all as Keeper, a position which is moreover not at all in contradiction with the evi- 
dence of the reptilian bones, and with Mr. Oldham’s already pronounced opinion (Mem. III). 
The Panchet group may he therefore taken as representative of the highest Trias (Keuper). 

I think also the animal remains of this group will not be opposed to these observa- 
tions, as they agree very closely with many reptilian remains known from the Rh»tic of 
Bayreuth (Verzeichn. der Petref z. Bayreuth ; F. Braun, 1840). 

This group is allied, through Sohizoneura Qondwanensis,'FBtm., with the Damddas, in 
the first place with the EAniganj group, and through this with the whole formation. 

IV.— Flora, and pbobabie age of the Dam(jda Formation. 

This formation is largely developed in India ; it is aho the most important, as it includes 
the deposits of the so-called “ old coal” of India. We find it in Bengal, South Eewah, 
S&tpura Range, on the GocULvari and in the Eastern Himalaya. I need not mention anything 
about the stratigraphy of thieveries, as this has been done in the publications of our Sumy.* 


* The most important notice# are— 

Memoirs I.— On the geological structure and relatione of the Tdlohir Coal-field in the district of Cuttack. 
(W. T. and H, F. Blanford, and W, Theobald). 

Memoirs II.— On the geological structure of foe central portion of the Kerbndd* XMgtrtot. (4. ft, Med- 
Uoott). 

„ *» On the geological relations and probable geological age of foe rooks fo Central India, (by 

Mr. Oldham). # 

Memoirs in.— On the geological structure and rfofiAeas of foe fffoifiift) fodfidt, Bm«* (W. t. 
MuM). 

Memoir. VI.— Tha Bok&ro Owd fl*M. (Th. V. H. 

M N Dm B-aaurh CoA-tM. (Hqghm). 

Monoir»VII.— Korhurbiurl 0<»l-ad4. <Bngte*f. 

Deeghur CoaUfl.W. . 
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It is quite possible and not unnatural that the whole group may be divided strati* 

graphically and lithologically into the three sub-groups whioh have been proposed, viz . — 

» 

B&nigam and K&mthi group (upper Damdda). 

Iron stone shales (middle do. ). 

Bar&kar (lower do. ). 


But with reference to their palaeontological relations, we must consider all these as 
belonging to the same age, for the whole of the fossil plants, taken together, exhibit a 
distinctly limited general character such as is found in a well defined group in Europe. One 
genus also occurs in the lower coal-strata of Australia, and consequently a corresponding 
age has been inferred for our coa^bearing rocks, but, I think, incorrectly, for the other 
plant remains from our Dam fid a formation whioh are so very characteristic are not 
found in Australia, and even the greater part of our species of Glossopteris, Brgt., are 
distinct from the Austialian, and also in Australia the same genus occurs in the upper por- 
tion of the coal-strata without any fossil animals, but with mesozoio plants, and is most 

abundant at this horizon. I therefore consider that — 

♦ 

a . — In Australia there may be fossil remains of animals which determine the age of 
the series, although a certain species of Glossopteris , Brgt., is found with 
them. 


&. — In India, on the other hand, as no fossil animals have been found, the age of the 
series must be determined by the other plants, notwithstanding the occurrence 
of Glossopteris , Brgt. 


I look upon the occurrence of Glossopteris , Brgt., in the Damdda formation as offering 
a parallel case to the presence of Ptilophyllum , Morr., in the R&jmahal and Kach groups : 
it is an interesting plant, but without direct influence in enabling us to determine the 
age of the beds. My conclusions are the following, that Glossopteris , Brgt., began to 
exist in the lower coaUstrata qf Australia , where it is said to be associated with 
fossil animals of carboniferous age , and continued in our Indian coal series , which , 
however , are characterised by some very well defined genera , which indicate another , and 
a mesozoio age as in the upper portion of the Australian strata and in Africa. A more 
exact determination of the age will result from the comparison of the fossil plants. 

It hds been, and will perhaps yet be, endeavoured to show that the Indian Damuda 
series are of palaeozoic age, but 1 do not see where is the proof, as the palaeontological 
results, the only possible proofs, indicate lower mesozoio , as will appear from the follow- 
ing facts ; — 

a.— There is no other connection between the Indian rocks and the lower portion of 
the coal-strata of Australia except the occurrence of Glossopteris, Brgt., in both; it is, 
however, much more developed in India. * 


6.— The chief evidence that no Taniopteris occiirs in the Damdda (Oldham, 
Memoirs, II, p. 329, and some others), has been shown to be a mistake, as there are founj^ 
ifr the upper portion distinct species of broad-leaved Taniopteris, Brgt, with mes 
* ( Macrotaniopteris) Sohitttp., as I will show more fully further on. 

Ix-Oeolosy of JMgffcv (W. T. Blan&rfb 

mmim *<-m 

^ Sfc^eoJofy of JMiMia* 

t meats from Ntgrfr, Quart. Jo«m„ Ctsdo*. Boo. 1802, Tot XVII, », 8*5. 
li!*S ef the Botany, fra, ot the Htaeitysa Moontelas. (Plante from ttatdwsa). 
of the Geological Sum in 194*40 (Osmoodsh pUmts). 
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The Damtida Sphenophyllum (tW*0W i) proves quite different in habit from those 
of the carboniferous period. , 

A— The discovery of Voltzia and Newroptms with single pinnsa (triassio forms) in the 
Bar&kars is very important. 

e.— In the Bardkars there are forms of a genus allied to Glossopteris ( Gangamop - 
ter is from the upper portion of the Australian coal-strata), which is almost the only fossil 
found in the T&lohirs; by it these latter are connected with the former. 

Having established these general views, J. prooeed to discuss the fossil plants, which 
afford additional evidence in favor of my opinions. I can, of course, only describe the most 
important fossils. A thorough discussion of all the plant remains will be given in the 
< M itolffiontologia Indica. 


. A.—EQ TJISETA CEJE. 

These are very abundant, and one genus is especially important, as bringing the 
Damudas into relation with the Panchets, and showing that both belong to the same 
epoch as a European formation, in which the same genus is well known. This genus is — 

a.— -S chizoneura, Schimp. & Kang. 

This genus is especially abundant in the upper portion of the Damudas. It is 
found of different sizes, and in various states of development, but everywhere there is only 
one kind of leaves (spathes), and everywhere they have the same characters. They are very 
near to those of Schizoneura paradoxa , Sohimp. & Moug., which they resemble in the 
mode of connection of the leaflets in tifo parts of the spathe. Only one specimen is 
known in which the separation of the leaflets is nearly complete, and this specimen closely 
resembles Schimper s figure, Pal. Vdgdtale, PI. XIII, fig. 8. I have no doubt that this 
specimen belongs to the same species as the others. As I consider that the Schizoneura 
of the Panchets is the same as that in the Damudas, I will use the same name for 
both— v 

Schizoneura Gondwanensis , Fstm. 

Diagnosis : 

Caule articulato, striate, variabili altitudine ac latitudme ; foliis (foliolis) 12—22; 
plerumque in duas partes vaginae coalitis; nonnunquam etiai% liberis, snberectis, foliolis 
in duas partes connexis, folia oblongo-ovalia exhibentibus ; usque ad 14*5 centm . longis, 
et media parte 2*6 centm. latis , 7 — 11 nervos continentibus. 

This diagnosis of this species is, of course, the same for the form from the Panohet 
group : the habit and the characters are identical in both, only the Panohet forms are 
in general a little smaller. # 

As the only difference from the Vosges species A paradoxa, Schimp* and Moug., is in 
the number of the leaflets, I consider that the two forms are nearly allied, mud I look upon 
our species also as Triassio (Bunter-Sandstein). The fossils described m Zettgophyltites, 
Brgh, from India by Brongniart (Prodrome 181476) and subsequently by Skrfceecki (Pbys. 
descr. of New South Wales, Ac.) seem to belong also to ScMzcnmra, ns well as the fossil 
described by Mo'Clelhfhd (L c* PL XIV, fig. 4), as Zamia EurdwmmU, Mto’CL ; there is, 
however, as far as I know the literature, nothing like Schkommt anywhere mentioned as 
occurring in the lower coal-strata of Australia. 
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a.— S phbnofhyi-lum, Brgt 

in the Dannida formation, both in the upper portion and in the lower, some equi se- 
taceous fossils occur, which were described by Boyle as THzygia speciosa, L c., p. 
431. There is no doubt that these fossils belong to the well known genus Sphenophyllum , 
Brgt., and we find them described in Unger's ‘Gen. et sp. plant, foss., p. 70, under the name 
of Sphenophyllum trixygia , Ung. Mo'Clelland (1. c., p. 54) described the same form as 
Sphenophyllum speciosum , Mc'Clell., and pointed out quite distinctly that there was no doubt 
about its being a real Sphenophyllum , Brgt, But whilst there is no doubt about the iden- 
tity of Sphenophyllum and Trixygia , I prefer Unger's name Sphenophyllum tnzygia , as 
there is a constant character in the arrangement of the leaves in three pairs, each of two equal 
leaves, on one side of the artioulation, the lowest pair of leaflets being the shortest, the middle 
longer, and the highest the longest. There are, therefoie, never more than six leaflets, whjph 
do not form an entire whorl, but are arranged on one side. This arrangement is quite different 
from that found in all carboniferous forms, in which the leaflets are all nearly 
equal and form an entire whorl round the articulation ; besides this, the stem of the Indian 
Sphenophyllum is in all oases very thin in relation to the size of the leaves. There can 
be no doubt about the nature of this species, which must have been a water-plant, expanding 
its leaflets at the surface of the water. 

This Sphenophyllum is therefore different from all Carboniferous and Pormian 
forms, and I adopt Unger's name Sphenophyllum trizygia, Ung. I have Specimens fiom 
Burdw an (from the upper portion of the Damudas, Rdniganj), and from Td lcliir near 
Cuttack fiom the Bar&kars. I think there is only one species. 

Besides these two well marked fossils, various stalks with aiticulations, ribs and furrows, 
are common, and are generally known as Phyllotheca tndica , Bunb I must say 1 have 
seen the real Phyllotheca such as Zigno described from the Oolitic formation, and as 
are known from the upper portion of the coal-strata in Australia (Newcastle), but I am very 
much inclined to consider a great proportion of the steins found in India as stalks of Schzo - 
neura, Sehimp. ; some others may be indeed internal casts of mesozoic species of Equuetum. 
In Australia there is in the* upper portion of the coal-stiata also a real Phyllotheca in 
Zigno's sense (Newcastle) ; the Phyllotheca in the lower portion may be Catamites or 
Equisetum. * 

The veiy doubtful f orm^ called Yertebraria , I consider to consist of roots and rootlets 
(Rhizomes), most piobably of some equisetaoeous plants, in the same way as the 
genus Pinularia , Lindl. and H., in the carboniferous strata, consists also of rootlets, most 
likely of Asterophylhfes, Brgt. 

Yertebraria abounds in the Damtidas, and appears to be characteristic of them as a 
series, but it cannot bo quoted for the determination of the age, for which only Schizoneura 
Gondmnensis, Fstmu, can be used. As far as I can tell from the literature, and from what 
K have seen of Australian fossil plants, Yertebraria is also known only from the upper 
JJWtlon of the ooaUtftta* 

^ , S~F11ICBS. 

ft* seme way as amongst ths* Equmtacea, the genus ScMtaneuta, Sehimp. mi 
Hjb Jb# prevailing fbnfi, so also amongst the Mikes one genus is especially prevalent. 
HU kfiWSWi cannot be directly employed as evidence of the age of the Damfida ; 
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it is only by its relations to other forms that it MWtt be used as collateral proof. It is only 
characteristic of the series. This genua 5s~- 9 

<7.— GL0S80PTEBI8, Srgt. 

However interesting this genus may be, it has, I think, been the ohief cause of the oon- 
fusion of opinions about the age of the scries in which it occurs*— I mean the confusion has 
been caused by the comparison of this genus with the same in tyx s t r al i a, where it is said 
to be found in palaeozoic rocks. From this evidence also our Indian Damdda groups 
in which Glossopteru is very common have been taken for palroozoio, without considering 
that Glossopteris has in this case been found apart from animal remains which indicate a 
palroozoio age, but, on the contrary, only with plant remains, which are all mesozoio 
— i (IKa&ssic). 

I should consider it a great palroontological mistake if I were to take a series in which 
the majority of the plants are of me s o z o i c age, and identical or closely allied with well 
known mesozoio (Triassio) genera and species, to bo of any other age than mesozoio, 
only because one genus is also found in it which is also known frSra a portion of the coal- 
strata in Australia. Nobody will class the Permian and Carboniferous as identical, although 
some species of plants or animals may occur in both. 

We should rather say, some species of Glossopteris are found in the supposed palaeo- 
zoic coal-strata of Australia, but tho genus also occurs in great abundance in the lower 
meBOzoic coal-strata of India.* 

It is only remarkable that, while in Australia there are both fossil animals and 
plants of lower carboniferous age, of which the latter belong for the most part to 
genera identical with those found in Europe, there should be in the upper carboniferous 
(without fossil animals) a sudden change in the flora and no true carboniferous plant found. 

But another locality is known for Glossopteris , Brgt. ; this is in the Karoo beds 
of South Africa, described by Mr. Tate,t which series that author also puts in the Trias, 
and I think with justice. This would agree well with our series. Tate recognized in Africa 
the same forms which are most common here in India.J 


* See a similar opinion by Mr. Dawkins in the transactions of the Manchester Geological Society, Vol. XIV, 
Session 1876-76, Part II, p. 28 : Agf of tho New South Wales coal-beds. The manner in which Mr. Dawkins 
expressed himself is quite correct and natural, but I never before read anything about the association of the 
QloMopterii in Australia with Lepidodendron, Slgillaria, Calami*, etc., these being only found below the lower marine 
beds. 

f Quart. Jonm. Geolog. Soc., 1867, p. 140 ff, 

X I cannot discuss this subject further here, and Ittynk it sufficient to quote the following literature about 
Olo»opteri » • 

Brongniart : Histoire dos vdgdtaux fossllee, 1818. 

QSpperft Syetema ftlioum fossilium, 1836. 

Me' Coy : On the fossil botany and zoology of the rocks associated with the coal of AiurtuMtt* 
of Natural History, Vel. XX, ser, 2. 

Banbury* Possil plants from M gpdr. Quart, Journ. Vol. XVII. 

XtrCUUand: Report, 18*8-49; Calcutta, 1860. 

Dana; Geology (United States Exploring Expedition)* 1840. 

Tate i South African fossils. Quart. Journ,, 1867 (Vol. XXIII). 

UoCoy: Prodromus of Palteont* of Victoria, XI Decade. 

BcUmper ? Trait* 6a FaUeontolog, v*g*tals, 

W. B. Clark* t Remarks on the sedimentary formations of New Sooth Will** 11171* > 

Also all the publications in our Memoirs which t quoted before rtwold fore be repeated, especially 
Mr. Oldham’s paper on the probable age of the rocks in Bengal and Ceafcui India (Vol, tf), 
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The best known species of Glossopteris , Brgt., is Glossopteris Bromiana , Brgt., of 
which Brongniart distinguished two varieties: (a), Indica, and (5), Australasiaca, which, how- 
ever, have been described by Schupper as two different species, and I think correctly. I may 
add that in India the only prevailing form is that with longer and pointed leaves and much 
narrower reticulation, Glossopteris indica, Schimp., while the generally smaller form with a 
more obtuse apex and wider reticulation, Gloss. Browniana , Brgt., is much rarer in our strata, 
although it prevails in Australia, where it is the only species found in the lower portion with 
the marine fauna. # 

I am now preparing a monograph of the genus Glossopteris , Brgt., and some allied 
genera, in which I will enter more fully into details, and it will be Been that the pointed 
leaves prevail in the Damuda, and also that of the figures of our Indian forms those in 
Bunbury's paper (1. c.) are the best, whilst those in Brongniart and Goppert are not verv 
correct. 

Brongniart described one form as Glossopt. angusttfolia from R&niganj ; I have not 
found any specimen from India, but I have seen one from Australia, from the upper portion 
of the ooahstrata. * 

Besides these I have been able to distinguish a great many species, or at least varieties, 
also young fronds, etc. 

Near N&gpfir several specimens have been found with fructification, with 1—4 rows of 
Bporangia between the stalk and the margin, which, together with the reticulate nervation, tend 
to indicate a relationship between Glossopteris and some living species of Polypodium . On 
one specimen of the Australian Glossopteris , Brgt., Mr. Garruthers seems to have observed 
a different fructification, consisting of linear Bori along the veins, but nearer to the margin 
of the leaf. (See Carruthers in Daintree's paper on the Geology of Queensland. Quart. 
Jour., Geol. Soc., 1872). This would prove further the difference between our Glossopteris 
and the Australian species. 

The best known forms are therefore— 

1. Glossopteris indica 9 Schimp.— large pointed leaves, narrow reticulation. Sori 

in rows on the surface of the frond. — Prevailing in India. 

2. Glossopteris Browniana, Brgt., Schimp. — smaller obtuse leaves, wider reti- 

culation. Australian form ; the only species found in the lower strata. 

3* Glossopteris angusttfolia, Brgt.— different in the nervation, known from the 

Damudas and the upper portion of the coal-strata in Australia. 

Other species will be shewn to exist after, the special examination of this genus. 

« 

Thera are, besides these, several species described by Banbury and Mo’Clelland, but 
Me’CleUand’s figures (L c.) cannot be recognized, as they are not accurately drawn. I need 
only mention Olotiopterie aeaulit, Mo’Clell., Tab. XIV, f. 3, 8a, which is not sufficiently 
well figured to be identified, and others are equally imperfect. 

i The figures of Australian spemes of OlouopUrit, Brgt., in Dana’s Geology are also of no 
tUW ft* comparison, as the reticulation is inoorreotly and irregularly represented. 

>« is tbs most copunon end characteristic fossil of the Damldss. It it 

aU three sub-divisions end is the unfailing -evidence of the occurrence of this 
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Banbury's Olossopteris museqfblia seems from tbe drawing rather to belong to Teeniop- 
teris , Brgt., although the author says that the veins anastomose near the stalk. This the 
figure, however, does not exhibit at all, and the same may be said of Olossopteris stricta , 
Bunb., from K&mthi. Tate's Dictyopteris simplex, (1. c.) PI. VI, fig. 6, is a Olossopteris 
of the same group to which some of our Indian species also belong. 

In one way Olossopteris, Brgt., may be considered evidence of a mesozoic age: if it 
is compared with other ferns with reticulated leaves, the most nearly allied is' the Triassic 
and Rhsetio Sagenopteris, Brgt*, and some forms of Olossopteris are evidently related to this 
Triassic genus. 

b . Gangamoftbbis, Mo 1 Coy. 

***** In the lower group of the Damtidas (Barakars) there occur some ferns resembling 
Olossopteris , which, however, on a closer examination, show different characters $ the most 
prominent of these is the want of the distinct midrib, which is found in the real Olossop- 
teris, Brgt. ; there are instead of it only three or four thicker veins starting from the base ; 
the other veins radiating from the base towards the margin. This is a character which we 
find partly in Cyclopteris , but while in the latter genus the veins between their point of 
origin and the margin are divided only dichotomously, in this form from the Bar&kars they 
are reticulated, as in Olossopteris , Brgt. We have therefore in these leaves — 

m 

1. — Want of a distinct midrib. 


2. — A venation radiating from the base towards tfte margin, as in Cyclopteris, but yet 
reticulated, as in Olossopteris. 

3. — A rounder leaf than in Olossopteris . Similar* forms have been described by 
Mc'Coy (Palmontol. of Victoria, Dec. U) from A u s t ra 1 i a as Qangamopteris, and I think 
I am not wrong in putting these forms from the B ar k k ar group in the same genus. 

The species I will call — 

Oangamopteris Cyolopteroides , Fstm. 

As this species occurs also in the T&lchir group, where it is almost the only fossil, 
I will give a diagnosis and a fuller discussion when treating of that group. A similar 
form* is described by Mr. Tate from tbe Karoo beds ( Triassic) in South Africa as 
Cyclopteris JenJcinsima, which , I think, also belongs to this genus. 


The occurrence of this genus in the Bardkars is very important, not for the de- 
termination of the age, hut because of the connexion it shows between the lower Damudas 
and the T61ehirs, It thus unites the latter with the whole Damtida group. These 
forms have been lately found in the Bar&kars of the Kurhurbari coal basin. X have also 
one or two fri^ments from K&mthi frhich belong to the same Species* 


e. SAMHomWe, Brgt* 

■ . If we take Olossopteris, Brgt., as a single-l^teA genus, with v %| 
other forms ^th several leaves coquiig .the 
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» not correctly drawn in Mc'Clelland’s Eeport. I have had the opportunity of seeing in our 
collections the original specimen and another, and have had both drawn from nature. 
They exhibit a very different appearance from MoClelland’s figure : about eight leaves pass 
out from a common stalk ; tho middle leaves seem to have been the longest ; the venation is 
peculiar and different from that of our forms of Glossopteris, Brgt. I have no doubt these 
specimens belong to Sagenopteris , Brgt. ; but the specific name is inappropriate, and should, 

I think, be changed. 

d . Tjeniopteris, Brgt 

The absence of Tceniopteris, Brgt., in tho D a m u d a group has been urged as one of 
the principal distinctions between that group and the Raj m ah 4 1, and a strong confirma- 
tion of the palueozoic age of tho former. This view, however, is no longer tenable, 
for Glossopteris danmides, Royl., figured byRoyleinhis woik ( 1. o. PL 2-9 ), is re a M y ** " c 
a Tceniopteris, Brgt. The original specimen was from the Burdwan coal-formation, 
that is, from tho Rdniganj coal-field. I have not seen the specimen, but I have no 
doubt about the fossil being Tceniopteris ; the venation proves it, as the veins are distinctly 
quite free at their base, and only dichotomous in their whole length. 

The specimen from the Burdwan ( R&uiganj ) coal-field represented by McClelland 
in his Geological Report, PI. XV, figs 13a, 16, under the name of Tceniopteris danceoides , 
McClelland, is of course also a true Tceniopteris , Brgt., and judging from the form of tho 
frond and the distance between the veins, I am inclined to consider it the same as the species 
figured by Royle., In its broad leaves and distant venation this species picsents a habit corre- 
sponding with that of triassic forms ofsthe genus. Thero is another specimon in the collection 
of the Geological Survey from tho Dam ud a formation of Bur go in the Rajmahal 
hills which leads to the same conclusions as Royle’s and McClelland’s figures. Accidentally 
on the opposite side of this specimen are some fronds of Glossopteris , Brgt., thus pioving 
the association of the two genera in the Damuda rocks. 

Lastly, I have seen a broad-leaved true Tceniopteris, Brgt., from K&mthi, with very 
narrow veins, which resembles strongly Bunbury’s Glossopteris muscefolia, except that 
the veins do not anastomose near their base (1. c. PL VIII, fig. 6), so that I will describe it 
under a different specific name. Besides this I think that Glossopteris stricta , Bunb. (1. c. Pl. 
IX, fig. 5) is also near to Tceniopteris , Brgt., and Sir C. Bunbury himself has figured a 
fragment of a Tceniopteris (1. c. Pl. X, fig. 2) as Tceniopteris d aneroid es (P) Mc'Cl. He 
may be right. It may therefoie be stated without hesitation that together with Glossopteris , 
Brgt., there occur broad-leaved species of Tceniopteris , Brgt., with a mesozoic habitus, and 
that the latter, afford additional evidence against the palaeozoic age of the Damtida Flora. 

e. Neuboptbbis, Brgt 

• 

When Prof. Schimper described the fossil plants from the Vosges sandstone, he referred 
to the genus j Veuropteris, Brgt., some forms which did not quite agree with the carboni- 
ferous species, although the nervature of the leaflets in these triassic forms is the same 
ee m those from the carboniferous strata, the leaves of the former being, however, 
pinnate. Not wishing to establish a new genus, he divided the genus Neuropteris 
Ml principal groups, of which one, the carboniferous type, includes species with bi- 
Mel&piimate fronds; the other or triassic type comprises the forms with simply 
piafeBfcifrfronds which are found In the flhrfcs bigarrd (Bunter.)* 




r m Mougeot, Monogr, de* plant** fossil** da grog bfgarrO des Vosges, 1844. p 7S 
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On his Plates (1. o.) XXXVI &c. several species are fi gored, of which Neuropteris grandi - 
folia (XXXVI, f. 1) is the largest. Prom the Kurhurb&ri coal-field our Museum received 
some time since a splendid specimen of the shale accoraponyingithe coal seams. This speci- 
men exhibited three very important genera and species, some of them represented by several 
specimens. One I have already mentioned, Gangamopteris cyelopteroides , Fstm. ; another 
belongs to the genus now under discussion, Neuropteris , Brgt. 

When, I saw the specimen, I at once recognized several fronds of a well developed fern 
with single pinnae, one being complete. At first I was astonished to see such a form ; 
but soon I saw another fossil on the same specimen, Voltzia , Brgt., which left me no longer 
in doubt about the simply pinnate leaves.* Prom the norvature of the leaflets and from 
the singly pinnate nature of the whole frond, I was sure that tho specimens represented a 
* Neuropteris , belonging to the group found in the Gies bigarre by Schimpor, or, in short, that 
the specimens represent a lower triassio (Buntsandstein) Neuropteris, Brgt. As no 
pal too zoic species of this character is known, I could not longer bo in doubt about this, as the 
occurrence of tho genus already mentioned ( Schizoneura , Schiinp. and Moug., also a triassio 
genus) and of Voltzia , Brgt., strongly supported my views. Tho nearest ally of our specimen 
appears to be Neuropteris grandifolia , Schiinp. and Moug., but tho Indian fern differs in tho 
following particulars 

a. — The leaflets in our specimen are wider apart, 

a 

b. — They begin, it is truo, with entire or only slightly lobate leaflets, hut the upper 

leaflets become larger and deeply lobate or pinuatifid. * 

The strong stalk both forms have in common. Our plant seems still larger than that 
figuied by Schimper. The simply pinnate character is well seen, the lowest leaflets are 
nearly entire and small, the middle are the largest and nearly pinnatifid, and the uppermost 
again like the lower. I will call this fern — 

Neuropteris valida, Fstm. 

Fronde simplici (pinnata), rhaehide valida , striata; pinnulis mis minimis, oblongis , 
totafere basi adnatis, margine sinuosis, mediis magnis , lobatis ayt pinnatis, media parte 
basis pedicello latiusculo brevi adnatis, summis imos adeequantibus ; nervis creberrimis , 
nervo primario basilari , vix distincto, secundariis e basi radiatim ascendentibus, diehoto - 
mis . 


Further description and discussion may be reserved until I can figure ibis very in- 
teresting species, which affords a strong evidence of the triassio age of the Damiida, and, 
as it happens, of the lower portion (Bardkars). 

/. — Actinoptebis, Schenk . 

I had already occasion, when discussing the Each fossil flora, to mention this peculiar 
fossil plant, which formerly was united with Cyelopteris, Brgt., Professor Gopperfc having 
described the only known species as Cyelopteris peltata, Gbpp, On account of its relation 
with some living ferns, Schenk called it Actinopteris peltata , and showed that the horizon 
at whioh it was found was Bh® tic. I found similar forms amongst the Each fossil plants. 
Schimper, however, had some doubts about the nature of these fossils, and was disposed to 
consider them merely infiltrations of hydrated peroxide of iron. From the Biniganj coal* 
field we have a very well preserved specimen of a real fern, which I cannot refer to any 
, other genus than Actinopteris. 
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I call this species — 

Actinopterts Bengalensis , Fst®i. 

Fronde orliculariter ovata , peltata , esc foliolts singulis , segmenta formantibus com- 
posita ; foliolis e media parte radianttbus , dichotome partttis, marginem versus latioribus , 
apice rotundatis ; loco insertionis petioli medio . 

The whole frond is rather large, circularly ovate in outline, and the leaflets radiate 
towards the margin from the insertion of the stalk ; they are very well marked by a thin layer 
of coal, and are dichotomous in the same way as in Actinopteris radiata , Link. Not a 
moment's doubt can exist as to this specimen being a fern. 

It seems to me different from those from Eh ©tic strata, but is another proof of the 
sozoic character of our flora. From the upper coal measures in Australia there is men- 
tioned also “ a peculiar peltate leaf/* which may, perhaps, be also an Actinopterts , Schenk. 
(See Mines and Mineral Statistics of New South Wales, by John Lucas, etc., 1875, p. 129.) 

Besides the ferns already mentioned, some other formB occur, which, however, need not 
he noticed here, as they are not of any greater importance than those I have already described. 
I may, however, add that Pecopteris Bindley ana , ., Boyle, which has been noticed in i elation 
with Pecopteris australis , Morr. (from Tasmania), belongs undoubtedly to the group of Ale- 
thoptens Whitby ensis, Gopp , which seems to include only mesozoio forms ;* still another 
Pecopteris (. Alethppteris , Gopp.) is not uncommon, but this also exhibits a mesozoic habitus. 
Amongst the ferns we have therefore to note especially the* following species : — 

Qlossopteris indica , Bchimp., for the series. 

Gangamopteris eyclopteroides , Fstm., for the relation of the Damddas with 
the T&lchir s. 

Tmnioptens danmoides , Mc’Clell. (Boyle), and the other broad-leaved species of 
Twniopteris from K&mthi for the mesozoic age of the Dam u das. 

Neuropteris valida ;, Fstm., for the triassic (Buntsandstein) age of the 
Damddas. 

Actinopterts Bengalensis , Fstm., mesozoic form. 

G— CONIFERS. 

Coniform are very rare in the Damddas, but a very important genus has lately been 
found in the Kurhnrb&ri coal-fields. 


a.— V oltzia. 

This genus is peculiar and limited to the middle and lower Trias as Schimpar states.* 
JRrongniart, the founder of this genus, was very well acquainted with it, and described four 
Ityletta, all from the Grfcs bigarrd. # 

large specmm fcom KurhurMri, which I mentioned befih^hen describing 
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the fon%of the leaves, ean only belong to the geflfes Voltzia, Brgt. Oar specimen agrees best 
with the following : — * 

Voltzia acutifolia Brgt. 

1888. Brongniart : ProdromuB, pp, 108, 100* 

1844. fichimperet Mougeot : Mcmographie, etc., p. SO, Tab. XV. 

1871-73. Sohimper : Pal®ontologie v6g4t, p. 341, Vol.lI. 

When I compare our species with V acutifolia, Brgt., I must also add that the leaves, 
especially towards the end of the branches, are a little longer and broader. Voltz. acutifolia, 
Brgt., is, with Voltz. heterophylla, Brgt, most characteristic of the Grbs Bigarrd. 

Besides this distinct Voltzia there is also a branch, with much longer and broader leaves, 
which l$cannot identify with any known Voltzia^yat r%ther with Albertia speoiosa , 
* &ohimp. (see Scbimper and Moageot, 1. c. PI. V, f. B), which is also a well known species 
characteristic of L o w e r T r i a s. 

This is all that need now be said about the Conifer a. 

The above are the most important plant remains from the Damu das, so far as they 
have hitherto been determined, and no further discussion is necessary in this paper, as 
sufficient evidence has been brought forward for the determination of the age. 


From the* previous discussions I have been led to the following results : — 

a. — Schizoneura is represented by the same species ( Schizoneura Gondwanensis , Fstm.), 
in the Panchet group and in the DamudaB, especially in the Upper Damudas, or 
Ranigan j, proving that both belong to the same general ^>och. 


b . — The occurrence of Glossopteris , Brgt., in all the three sub-divisions of the 
Damudas, besides the occurrence of triassic species (of the age of the Grfcs bigarr6) 
in both the Upper and Lower Damudas, proves that all three sub-divisions belong 
to the same age. 

c. — The species Gangamopteris cyclopteroides , Fstm., which occurs in the Lower 

Damudas (Barakars of the Kurhurbarf coal-field), and which is the prevailing fossil 
again in the T&lchirs, brings the latter into relation with the former, as I shall show 
presently. 4 

d . — There is no difficulty in determining the Age of the Damudas. We have to 
regard only the most important fossils, viz. 


Schizoneura Gondwanensis , Fstm, (a triaBsic form) 
Sagenopterjis {acaulis P) Mesozoic. 

Neuropteris vtlida, Fstm* (a triassic form) ; 
Actinopteris Bengalensis, Fstm., Mesozoic. 

Voltzia acutifolia , Brgt (Grfes bigarrd ) ; 
and fterhaps Albertia speciosa, Schimp. (Grbs bigarrty 



All these 
known only I 
whiehJ 


ly allied, and some are identio&l with speedes* 
t triassic* no form is palmozoic, except ^ 
very different charactarsfrom those of 
all that X have said 



$iw», Brgt., 

^te#^tVrocks, 

iaip#ing ike 


paleontological laws, ta consider our ^ ' as of lower 


itSHslo age. Considering the 'reMons of tlie DartdSt 
Australia* only the upper portion 4$ tbelatter 
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beds* In this upper portion (upper coal treasures) of Australia we find fossifr plants, 
md&tly of mesozoic type, e. g., Phyllotheca australis Phyll. Hooker t (in the New- 
castle coal-field, belonging to the » real Phyllotheca type), Vertebraria (Damuda type), 
Glossopteris (some of them related with our Indian forms), Taniopteris t broad with narrow- 
veins, (Macro tceniopteris , Schimp.), Thinufeldia - like ferns, Pecopteris odontopteroides , 
Morr., a peculiar peltate leaf (which may possibly be Actinopteris , Schimp.), seed vessels of 
Conifers (these may, perhaps, be allied to Araucarites Phillipsi , Carr., or Araucar . 
Kachensis, Fstm. P), and others, without any marine fauna. The lower portion of these 
Australian coal-strata presents no analogy with our Damudas, as the latter contain none of 
the marine animal fossils so frequent in the lower coal-mesaures of Australia. 

V.^FossiIPFlora of the Talchirs. 


This is the poorest flora of all. Only a few fronds have been found, and but one or two 
localities are known at which fossils occur. These fossils weve mentioned by Mr. Oldham* 
as “a large Cyclopteris * like leaf;” Mr. W. T. Blanford had* previously reoognized 
the nature of this fossil, and in his paper on the Ran iganj coal-field, Mem., Yol. Ill, 
p. 38, writing about the fossils from the Talchir group, he said, “the best marked was 
a form intermediate between Glossopteris and Cyclopteris .” 

* • 

I noticed above similar fronds amongst the Damuda fossils from the Barfikars, 
I pointed out that there are leaves with a radiating distribution of the veins, as in 
Cyclopteris , Brgt., but the veins are reticulated, as in Glossopteris , Brgt., and I referred 
them to the new genus Gangamopteris , Mc’Coy. I also said that these specimens from the 
Barakars are identical with th^e found in the Talchirs : the species I called— 

I . — Gangamopteris cyclopteroides t Fstm. 


Diagnosis : 

* 

Fronde oblongo-ovali , subobliqua, integerrima ; rhachide nulla ; nervis omnibus e basi 
radiantibus veluti in Cyclopteride, retia formantibus (Glossopteridis similibus), mediis ima 
parte distinctisaimis. 


ThiB diagnosis serves for the species both from the Barakars and Tfilchirs. 

By itself this species does not prove much; but its occurrence both in the Dam ti das 
and Tdlchirs makes it at least very probable that these two groups are very near in age, 
and I, for my part, look upon the Talchirs as a lower group of the whole Damuda formation, 
or, in other words, as a lower horizon of the lower triassic age. 


Compared with the Australian species of Gangamopteris , our species is most nearly 
related to Gangamopteris obliqua, Mo'Coy.f 

X have thus given a short outline of the moat important fossils from the lower groups 
GondwinaBexies, from the 4?anchets, the Dam Adas, apid|^e'Tdi.chiifs, and 



the of these t 
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5.— The Panohet group has Sckizoneura Qondwanenns, Fstm., common with the 
Damiidas, and whilst the other two Species of the P an chets, Pecopteris concinna, 
Presl, and Cyclopterie pacTiyrhacku^ G6pp., would indtoate a Rheetic age, Schizoneura 
Ghndwanensis, Fstm., tends to give them an older aspect, so that I class them as Keuper. 

e. — The Damudas have yielded important fossil plants of lower triassio age 
(Buntsandstein). I therefore refer all the three sub-divisions to thin age, as the same 
fossil plants, and especially the same species of Glossopteris, Brgt., are found in all three. 

d . — The T&lchirs contain a fossil plant, which has been found also in the Bardkars t 
viz., Gangamopterig cyclopteroides , Fstm., so that I do not hesitate to consider the Tdlchirs 
as the lower continuation of the Damudas. 

* We have derived, therefore, from the plants the iollowing scheme : — 


Middle. 

Each. 

Jabalpur. 


Upper (Keuper). 
Panchet group. 


I.— Jurassic. 

Lower . 

Rajmahal. 

Golapili (near Ellore). 
Sripermatur (Madras). 


II. — Tbiassic. 

• Lower (Buntsandstein). 
Damudas — 

Upper „(Kamthi, Raniganj). 
Middle (foon shales). 
Lower (Bar&kar). 

Talchirs. 


Note on the geological age of certain groups comprised in the Gondwana series 
of India, and on the evidence they afford of distinct Zoological and Bota- 
nical Terrestrial Regions in ancient epochs. By W. T. Blanford, a. r. s. m., 
f. B. s., &o., Geological Survey of India. 

In the preceding paper and in that published in the last number of the Records ( ante 
pp. 28—42), Dr. Feistmantel has stated at length the conclusions as to the age of the 
different members of the great plant-bearing or Gondw&na Series of India, to which a care- 
ful and exhaustive study of the fossil flora has guided him. How urgently a careful study 
of the plants was needed i$ is unnecessary to point out, and the results to Indian 
Geology must he most important. Guided by the abundance of particular forms, Irfdian 
Geologists had hitherto not unreasonably supposed that the Kachh (Cutch) pknt-bearing 
beds were of the same age as those of Rdjmehdl, Trichinopoly, &c., for in 
the commonest Species are two forms of PUlophyllum : jiA 'the Same 

manner no doubt '‘had, ever, arisen as to the identity of the Damuda flora w!lifthalt''of'the 
Australian ' ooal, ; ^K for the oommon types ; in both are specie* i^0^s^ris add 
refMfW^ilpK^ve hitherto always 1 been supposed to be forms of 

from both eounWes am closely allied. ’ finally accept 

Dr.'pB^ters conclusions, or not, it ii impossible to oonca^ 
afford a greater service to Indian Geology 'than' the aerate - the.' /Mwofawj* 

of our different fossil floras. ’ - N 
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At the same time it will, I think, be advisable to hesitate before accepting as proved 
thekge assigned to the different formations on palaeobotanical grounds. Dr. Feistmantel 
has already noticed (ante p. 34) the •palaeontological contradiction, as he very justly terms 
it, between the evidence derived from the animal remains in Kachh (Cutch) and that offered 
by the fossil plants. This contradiction is, however, much greater than would be supposed 
from Dr. Feistmantel’a remark. The matter is so important in its bearing on the relations 
of Indian rocks that it will be well briefly to recapitulate the history of the examination 
of the Kachh beds by the Survey. 

From a very cursory examination which I made in 18fl3 of a small portion of the pro- 
vince,* I was led to believe that the plant-bearing beds in Kachh, as a whole, rest upon the 
series of rocks with marine fossils of jurassio age, but that in some cases marine beds are 
intercalated with the upper plant-bearing group, and I pointed out that if they are not inter- - 
stratified, certain fossiliferous bands in the Ch&rwar range south of Bhooj must have been 
brought up by a fault. Messrs. Wynne and Fedden surveyed Kachh in 1867-68-69, f the 
jurassio rocks being chiefly examined by Mr. Wynne, who found that a fault really exists, 
bringing up the rocks of the Ch&rwar range ; consequently the principal grounds on which 
my belief in the interstratification of the marine and plant-bearing strata were founded 
proved untenable. Some information I had received as to the occurrence of marine fossils 
near Bhooj J appears also to have been incorrect. At the same time, the conclusion at which 
I had arrived, that both marine and fresh- water beds belong to one series, and that the two 
pass into each other, was entirely confirmed by Mr. Wynne. He also found in some places 
unquestionable intercalation of the plant-beds witlAtrata containing marine fossils.§ 

The Cephalopoda collected by Messrs. Wynne and Fedden were examined by Dr. 
Waagen,|| who found that those from different localities showed the existence of several 
distinct groups of jurassic strata, ranging from Lower Oolite (Batbonian) to Uppermost 
Oolite (Portlandian and Tithonian). Dr. Stoliczka went to Kachh in 1872, and spent several 
mouths in examining the rocks. He ascertained that four separate groups of jurassic beds, 
distinguished by well-marked mineralogical s^nd palaeontological characters, can be traced 
throughout the area occupied by the rocks of Oolitic age. These groups he called — 

1. • Umia (Oomia) Tithonian and Portlandian. 

2. Katrol .. Kimmeridge and Upper Oxford. 

3. Chab f (Oharee) ... ... Lower Oxford and Kelloway (Callovian). 

4. Pacham (Patchum) Bath Oolite; 

Dr* tStolicska’s names were adopted in Dr. Waagen’s account of the Jurassic Cephalopoda 
of Kachh, If and the groups referred to the abovementioned European sub-divisions of the 
jurassic series. 

No account of Dr. Stoliczka's work in Kachh has ever Men published, Shortly after 
returning he left with the mission for Turkestan, and he died on the return journey. The 
^ by him in Kachh are amongst the survey records ; they contain a very full 

^stoouiit of his exphpataop of the province, and after reading them through, 1 think there 
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can be no question of the conclusions at which he arrived regarding the relations of the 
plant-bearing beds to the marine strata* His views were precisely the same as Mr. 
Wynne s and my own ; he determined that the plant-bedl form the highest member of the 
jurassic series, that they pass down into the beds with marine fossils of the Umia group, 
and that in some places bands of these marine fossils, especially Trigonia Smeei and a 
Trigonia , closely allied to the cretaceous T. tuberculifera* of Southern India, are interca- 
lated in the plant-bearing group. He consequently classed both the plant-bearing bed§ and 
the Umia marine beds in one group. Moreover, he found in one place, Testing upon the 
plant-beds, a band containing cretaceous cephalopoda of Upper Neocomian (Aptian) age.f 
It is difficult to ascertain from Dr. Stoliczka’s held notes whether he considered these 
cretaceous rocks conformable to the Umia beds, or not, but he certainly on his return spoke of 
this Umia group as of Wealden age. 

a 

I may add at once that of the localities mentioned by Dr. Feistmantel, viz., Kukurbit, 
Trombow, Bhoojooree, Doodaee, Loharia, and Goonaree,£ all, except the last n&tned, are in the 
beds forming the upper part of the Umia group, and there is no important difference in 
the horizon. Goonaree is rather lower in position according to Dr. Stoliczka’s map, being 
in the lower portion of the Umia group and associated with the marine beds, hut not one 
of the localities is below all the beds with upper oolitic fossils. From Nurha,§ the only 
locality in Kachh belonging to the Katrol group at which remains of plants have been obtained, 
the specimens, which have just been found, appear to belong to species found also in the Umia 
group. * 

t * 

It is important to insist upon these facts in order to prevent mistakes. It should be 
distinctly understood that the rocks in Kachh ( Cutch) with a lower oolitic flora, an 4 
containing several species of plants identical with those fo%nd in the lower Oolites of 
Yorkshire , rest upon marine strata containing Portland and Tithonian Cephalopoda, and 
are capped by beds with Tipper JSeocomian ( Aptian ) Ammonites; that occasionally the 
marine strata with upper oolitic fossils are interstratified with the plant-beds ; and that 
the geological position of the Kachh plant-beds has been determined by careful and repeated 
examination by three different geologists, all oi whom agree in their conclusions. 

I do not see any probability of eTror in the determinations of the marine fossils. Dr. 
Waagen, whose knowledge of Jurassic Cephalopoda is probably equal to that of any Palaeon- 
tologist living, insists particularly on the remarkable parallelism of the different groups 
which make up the jurassic series in Europe and India. The remainder of the fauna 
has not received the same careful examination and comparison as the Cephalopoda, hut 
I believe I am justified in saying that both Dr. Stoliczka and Dr. Waagen considered that 
the evidence afforded by it coincided with that furnished by the Cephalopodous Mollusoa. 
Dr. Waagen especially statesjj that in the Umia beds of nine species of Cephalopoda, 


♦ Pal. Indies, Ser. VT, 8, p. 815, Vl. XV, figs. 10 -1|, 
t Pal. Indies, Ser. IX, p. 245. 

t It may be msM to point out where these places are * they ore small villages not marked on most! maps, 
and not easy to identify^ - * /\ } - ’’ 

Gooneri (Goonaree of map) is in north-western Kachh (Catch), shout six miles east aoUth-eastof Lukput. 
Thrombow, six miles north-east of Bhottf. ” ' V*j;* \ 

Kukurbit, twenty miles west by a little north of Bhooj, V ' 

J»iO<^ore^flvemtleeeasM&ith-eagtof BhoqJ. , , , *'**'■ ‘ ' 

Doodaee, about thirty miles east of Bhooj. 

Loharia, seventeen miles south-east of Bhoqj, and south of the Katrol range. ? 

The spelling is that of the map in the Membra* tol. IX. ■ 

§ Mm. XX, p. 213. H >' \ v I i V- - '' r> 

u Sat. lad* fen IX, Vel. 1, Kachh Cephalopoda, pp. 225 fed 288. ' £ 1, 
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four axe identical with European forme found either in the Tithonian beds of Southern 
Europe, or the Portland Oolite of England and France, and he adds that this proportion of 
forms common to the two regions will increase greatly when the other classes of mollusca 
Ire described, * as many of the Pelecgpoda of this bed seem to be identical with species from 
the Portland stone/ and elsewhere he especially mentions the abundance of Trigonia of' the 
type of 21 gibbosa. 

This is not written with a view of impugning Dr. Feistmantel’s conclusions. These will 
be given to the public in full in the * Palseontologia Indica/ and I have no doubt are as accurate 
< And trustworthy as Dr. Waagen’s. But it is important to call attention to the exact terms 
of the contradiction between the marine and terrestrial forms of the Kachh Oolites, because 
it showB that one dr the other is misleading when applied to the determination »of geological 
age. As the marine fossils are much more numerous, and probably afford a much less im- 
perfect representation of the life of the period, as they occur in a larger sequence of rocks - 
and have attracted much more attention, and as they are preserved in a manner which, I 
believe, it is ^generally considered, enables their affinities to be determined with greater 
accuracy, it will, I think, be admitted by most palaeontologists that we must accept the con- 
clusions derived from them. The deduction is inevitable, that the comparison of the remains 
of plants leads in this case to results, as regards geological age, which are not accurate, and 
that other identifications on similar data must be received with great caution. 

It necessarily follows that although the homotaxis of the Rljmehll flora be liassic, 
and that of the Panchets and Damudas triassic, we can only accept this hojnotaxis as an 
approximation to the actual geological age of the formations. 

Between the Upper Gondwana rocks to which the Rljmehlls and JabalpGrs belong, 
£nd the Lower Gondwlna series comprising the Panchets, Damddas, and Talehirs, there is a 
great break in the forms of life. Cycads abound in the former, but have not hitherto been 
found in the latter, whilst the lower series is characterized by the abundance of equisetaceous 
plants. The only genera known to be common to the two, are ferns of considerable range in 
time. It follows as a matter of course that no arguments as to the age of the Lower 
Gondwana rocks can be drawn from the upper part of the series. 

The evidence which Dr. Feistmantel has shown to exist in favour of ascribing a Triassic 
age to the Panohets, Damudas, and Tllchirs is undoubtedly of great importance ; but I feel 
some doubts as to whether it is conclusive, and although it is with great hesitation that 
I venture to express a different opinion on a subject on which Dr. Feistmanters knowledge 
of palmobotany enables him to form a more accurate opinion than I can offer, I still think 
that if the, evidence of plants alone be employed to determine the age of the Indian rocks, 
the relations between the Indian and Australian coal-measures must be taken into consi- 
deration in estimating the homotaxis of the Indian formations. 1 * 


It is also only fair to point out that the main arguments for the triassic age of the 
Damddas are derived from the occurrence of three plants which were only discovered* this 
year. Even admitting, for the sake of argument, that the evidence at present justifies 
the reference of the Damuda beds to the Trias, it by no means follows that the flora known 

S pears, or even two years ago, was sufficient to warrant the iune conclusion, and 
Dr, Oldham yas suite right in f$00,t and that my brother, Mr. H. F. Blanford, 
jwtified$ in ; l874, in M»igmng a pai^«oio age to the Damuda formation m the 
Of the plant wmamBalotje; The Panchet beds hare ahrom etoee they were first 

^ ; - 

farm, which determine «f the A<utnli*a to«k» 

of tlie pint traoam<%of U«« vtltti, i» qaita Um, bat at ippllttble 

ggawu to tiie ttifts of Buropea« to those la Australia 

" V ' , 
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Of course the first and most important question is, whether the age of the Australian 
coal-measures is definitely settled. It is sot surprising that the evidence should he received 
with som# distrust when it is found that ever since they •were first described, one group of 
observers, headed by Professor McCoy, has persistently declared that the ooahbeds are of 
jurassic age, whilst another group, comprising especially the Rev. Mr. Clarke, Professor 
Jukes, and Mr. Daintree, have contended that they are palaeozoic. But there is an important 
difference between the two classes. The geologists have all examined the rocks in situ, and 
have ascertained that the plant-bearing beds are interstratified with marine bands containing 
Brachiopoda and other fossils admitted to be of carboniferous age by all palaeontologists. 
Of the palceo-botanists, McCoy, Morris, deZigno, Carruthers, Schimper, and others, who have 
contended for the jurassic age of the Australian rocks, not one has ever examined the beds, 
and their opinions cannot consequently be of any weight, as opposed to the views of the 
geologists. Mr. Clarke has published two sections of coal-pits, # in which coal-seams and 
shales with Glossopterie, Phyllotheca, and Noeggerathia {? Schizoneura ) are shown to have 
been reached after passing through beds containing Spirifer , Fenestella, Conularia, Ortho- 
ceras, and other fossils of admitted carboniferous age. Mr. Daintree also has published a 
sectionf showing beds with Productus and Spirifer resting upon coal-seams with Glossop- 
teris. Unless the palseo-hotanists can prove that Clarke’s and Dain tree's sections are 
incorrect, the question must be decided against the mesozoic age of the Glossoptcris beds. 

The succession of formations in the coal-fields of New South Wales is said to be the 
following J: — 


2 Hawltesbury bed! } No ^lottopteria mentioned in the lists of fossils. 

3. Upper coal-seams of Newcastle with Qlotaopterie, Vertebra™ i, &c. 

4, Lower coal-seams of Newcastle with Glaeeopterie, JPhyllotkeca , Noeggerathia , (/ Schizoneura) 

Ac. With these and above the plant-bearing beds are bands with marine carboniferous 
fossils. 

6. Marine carboniferous rocks. * W 

6. Lower carboniferous or Devonian beds with Lepidodondron notkum, Unger, &o. 

. The Wianamatta and Hawkesbury beds, so far as is known, contain no plants common to 
any of the Indian rocks. They are now classed as older mesozoic. They are said to be 
connected with the beds beneath them, No. 3, by the presence of a plant, Pecopteris odon - 
topteraides , Morris, in abundance in both, just as the Panohets iu India are connected with 
the upper sub-division of the Damudas by the occurrence in both of the same species of 
Schizoneura . In the same manner the floras of Nos. 3 and 4 appear to be connected by the 
presence of Ofossopteris Browniana in both, although, from specimens which Dr. Feist- 
mantel has showed to me, there appears to be a considerable distinction in the flora. Until, 
the Australian plant remains are subjected to a thorough revision, it will, perhaps, be unwise 
to consider too much as proved j but so far as the evidence goes, it appears that all the Aus- 
tralian plant-bearing rocks of*Australift are connected by species of plants passing in each case 
from one to the other, precisely as Dr. Feistmantel has shown to be the case with the rocks Of 
the lower (Jondwdna series in India, and if on the strength of the evidence life justified 
iu assigning the Panohets, Damudas, and Tdlohirs to the Trias, fomtew 

contain triassic plants, and the TdichirS contain one plant, also found in ' Damudas, 

— 

■ * YNMMtfoM, Bold Booiety of VJotorfa, Vol. VT, i86®Md Baton*, oatto • 

•m* wdw8rd*dWoo,i8», » « 1-oi. ri M B on * t>. « £,■ •* y-.f-, , 

t Qmut. Jonrn.Qeol. Boo, XXVIII, 1872, p. 38*. , ' ■ / ; 'Y'rii'S;*. 1 
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we should equally he obliged to relegate the whole of the Australian coal-measures below the 
HdWkesbury group to the Carboniferous, because they contain at least one* species of plant 
throughout, and their lower subdivision is interstratified with beds containing marine 
carboniferous fossils. 

With one or the other of these Australian coal-beds, N o. 3 or No. 4 of the preceding 
section, the following plants of the Damtida groups are common : — 

Glossopteris, two or three species identical. 

Gangamopteris* (the genus only). 

Vertebraria, one species identical. 

Pecopteris ( Alethopteris ), one species probably identical. 
k Schizoneura (Zengophyllites.) m 

We have thus five genera and four or five species common, without counting the 
Equisetacece (. Phyllotheca , <fco.), which appear somewhat doubtful. With the triassic rocks 
of Europe, Dr. Feistmantel has shown that the following Damiida forms are common 

Voltzia , one species identical, 

Albertia ? ditto P 

Actinopteris , the genus only, the species shewing affinity. 


Sagenopteris 9 

ditto, 

ditto, 

Neuropteris , 

ditto, 

ditto, 

Schizoneura , 

ditto, 

ditto, 


or six genera and one or, perhaps, two species. It is quite true, as Dr. Feistmantel has 
shown, that Pecopteris (Alethopteris) Lindleyam of the Damudas has nearly as close 
affinities to certain jurassic forms in Europe as to P. Australis ; but, on the other hand, 
an equisetaceous,,, plant occurring near Nagpurf was described by Sir C. Bunbury under the 
name of Phyuotheca Indica from a good series of specimens, and considered closely 
allied to some Australian forms. 

On the whole, it appears to be a reasonable conclusion that the evidence which conneets 
the Damdda formation with the Australian carboniferous rocks is about equal to that which 
tends to show their relations with the Trias of Europe, the only distinction of importance 
being that the evidence of connection with the Australian beds is so abundant, and the 
plants which are common to the Trias are (with the exception of Schizoneura) so rare, 
that the latter have hitherto been overlooked. 


Tile evidence afforded by the few animal remains hitherto procured from the Gondwdna 
series is nearly as confusing as that of the plants. From the Kota and Maleri beds 
now sbownj to be identical, and to belong to the Upper, Gondwdna series, we have 
Ceratodus 9 which in Europe is Triassic or Liassic, but which has been found 


living in. Australia; Hyperodapedon, Triassic in Europe, but allied to the living 
s If g*. Zealand genus Matteria; and certain early mesozoic forms of Crocodilia, together 
with fieh {Lepidgtusmd Jfchwedus) with liassic sanities, to&Mstkerif, irhich is insufficient 


Tte specimens described W Docado XI, Fit. XJXI) ere said by their 

mm th« the position Of which is nnoertaln, but Or.' 

Htjg detested on e speoietk* benesth the carboniferous marine beds of Keweastte, 

I 
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for the determination of age. In the Panchet group of the Lower Gondw&na series we 
have Dicynodon showing an affinity for South African strata, other reptiles from which hfke 
just been shown by Professor Owen* to he allied to Permian forms found in Bussia. The 
other known Panchet Vertebrata are Labyfinthodonte and a Thecodont Saurian, which, 
according to Professor Huxley, might be either lower mesozoic or upper palmozoic. Besides 
these there are the ubiquitous Esther ice, From the Damuda formation (including the Kamthi 
of Mangali) one Labyrinthodmt (Brachyops laticeps) has been described, the affinities of 
which appear to be uncertain, an Archegosaurus , hitherto only imperfectly examined, and 
Estheria . The whole evidence, so far as it goes, both of animals and plants, tends to connect 
the whole of the G^dw&na series with formations ranging from the Upper Palmozoic to the 
Lower Jurassic. 

It must be remembered that the affinities between the plants of the Australian coal- 
beaTing rocks and those of the jurassio beds of Europe are unmistakeable. They have been 
pointed out by all palseo-botanists, and they extend to some of the plants in the beds 
interstratified with the carboniferous marine Btrata. 

It would have been useless to recapitulate all these facts, most of which are well known, 
and none of which are new, did they not lead to a conclusion which appears to me of the highest 
importance with reference to the ancient distribution of animals arid plants. 

In the present distribution of the animal kingdom, there is much greater uniformity 
throughout the globe in the marine than there is in the terrestrial fauna. The former 
varies chiefly *with the depth beneath the sea, and, amongst the shallow water and 
coast forms, with climate. A collection of Mollusca or Echinodermata (and these are our 
principal guides in palaeontological classification) from the Atlantic, the Pacific, and the 
Indian Oceans, all taken within the tropics, would afford but few examples of generic dis- 
tinction. A collection of terrestrial vertebrata or invertebrata from Tropical America, North- 
ern Australia, Malacca aud Africa, would differ from each other, not merely in genera, but, 
in many instances, in families. The plants from these different tropical lands would also 
exhibit marked generic distinctions, and whilst many of the American plants would show 
affinities with the miocene forms found in Europe, numerous representatives would be 
found, amongst Australian animals and plants, of forms which, in Europe, were typical of 
mesozoic strata.f 


In the evidence now recapitulated, that the plants which existed in Australia, whilst 
carboniferous forms inhabited the seas, were allied to species and genera of the jurassio flora of 
Euippe, that some of these same forms of carboniferous age in Australia co-existed in India 
with species found also in the triassic rocks of Europe, and that plants of the lower oolite 
of England still existed in India, whilst the surrounding seas nourished uppermost oolitic 
forms, we have convincing proof that the land faunas and floras of palteozoic and mesozoic 
times differed from each other in various parts of the globe, at least as much as they do in 
the present day. In short, thp conclusions to which we are, I think, brought by a considera- 
tion of the evidence are — ,, 


W.— That the faunas and floras of distant lands varied in paleozoic and tn&o&eio times, 
as they do at the present day, far more than the fauna of the seas ; in 
distinct terrestrial zoological and botanical provinces. ' \ 

2nd . — That evSdence, founded upon fossil plants, of the age of j 


must be received with great caution, and i 
to that furnished by the marine fauna. 
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Oar TBS RELATIONS OF THE FOSSILIFEBOUS STRATA AT MaI^BI AND E6t£, NBAS SlBONCHA, 

i Central Provinces, by Th. W. H. Hughes, a.r s.m., f g.s., Geological Survey of 

India . c 4 

The fossiliferous strata alluded to in this paper have already been brought to notice 
directly in th; Quarterly Journal of the Geological Society of London,* and incidentally in 
our own Memoirs, f and various other publications, but hitherto only speculative suggestions 
as to their mutual relations have resulted, the essential element of stratigraphical evidence 
having been wanting to complete the data for practical discussion. 

This year, however, in the course of a special tour in which I accompanied Mr. King, 
Deputy Superintendent of the Survey for Madras, we were able to visit K6t& and Malfiri, 
and to trace the extension of the more promipent beds of the one locality into connection 
with those of the other, thus supplying the needed evidence. * 

The result we have come to is, that the K6t& and Maldri beds must be classed together, 
or, at all events, are members of the same series, and that they are younger than the K&m- 
thi, or Kfimthi-Damuda series. 

The most interesting result of our paleontological researches in the same district was 
the discovery by Mr. King, in strata below the beds at K6t&, of a Palissya which Dr. 
Feistmantel has identified as a specific representative of one in the R&jmah&l series ( Palis - 
ay a covferta) ; while in beds associated with the fossiliferous strata at Malfiri, I defected 
another Palissya , referable to a species found in the Jabalpur group, and also the Arauca- 
ritee of the Each plant-beds. 

The fauna already known from K6t& and Maldri is represented by relics of Zepidotus 9 
(Eohmodue , and Ceratqdue , with the crocodilian genus Parasuchus , PLyperodapedon , <fec., 
some of which indicate a Triassic age, whilst none are represented by allied forms in Euro- 
pean strata at more recent period than the Liassic. 

We thus have associated in the same group plants of our Indian Jabalpfir, Koch, and 
R^jmahdl groups, and animals, which, if judged by European analogy, are certainly not 
younger than the age of the Lias. 

Dr. Feistmantel has recently endeavonred to show that the flora of the Jabalpfir, Each 
and B&jtnahfil groups proves them to be older than the age usually ascribed to them, a view 
which our discovery tends to strengthen. 


Notes on toe lfossto Mammalian Fa wm of Ineia and Bueva, by B. Lydhxkeb, b.a.. 

Geologic at Survey <f India* 

The present short paper is intended to appear as a kind*of preface to full descriptions 
of several new species of fossil mammalia which have lately 
Urn discovered in the tertiary strata of India and Brum* 
chiefly by Members of the Geological Survey of India. 
VHm p descriptions wiH appear in the 11 Pateoatologm Indies*" according to tho opportunities 

V.'SSh* fcoMtkm* rad dttfriet* fan whkh the ranine o£ aeraefdi* hem hitherto keen 

India rad fisnu m ehewa in tin foMowin* 
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faunra, such as those of the old alluvium of the Ganges and Jaxnna, of the gravels of the 
Nerbudda Valiev, and of certain beds of the Deccan, are grouped provisionally together, as thly 
evidently belong to (geologically speaking) the same epoch*, at the same time I would observe 
that these beds are nowhere found in direct apposition, and that, therefore, there may be con- 
siderable differences in their age. It is also to be borne in mind that many of these formations 
containing distinct groups of animals may really be contemporaneous, the difference in their 
fauns being caused by physical conditions. After the names of certain genera and species in 
the succeeding lists, my own name is added ; these genera and species are new to the fossil 
Indian fauna, and full descriptions will subsequently appear in the “ Palaeontologia Indica.” 

The following list comprises the known mammaliferous beds of India : — 


Indian Mammaliferous Series. 

f Modern alluvia* of rivers and plains, containing human 
l remains and bones of living Mammalia. 


Recent. 


1 Newer Pliocene. 


f a . — Old alluvium of Jamna and Ganges. 1 Post Pliocene 

< b. — Older gravels of Nerbudda and Godavari. r or 

(. c.— Gravels of the Deccan. ^ Newer Pliocene. 

I rf.— Upper Siwalik conglomerates and clays. 

Siwalilts of Falconer. (Pal. Mem. passim.) 

Mammaliferous sandstones and clays of Jamu. 

Siwalik. 4 # Medlicott: Bee. Geol. Surv., Ind., ] 

Vol. IX, pt. 2. 

Mammaliferous sandstones and clays of Potwar and Kohat ' 

L districts: (Wynne: Mem. Geol. Surv., Ind., Vol.X, pt.2.) V Pliocene. 

Marine mammaliferous sandstones of Chittagong and Sylhet j 
Siwaliks (P) of Tibet. 

Manchhar beds of Sind (and Kdch P) 

Mammaliferous beds of Pegu and Iraw&di River. 

Mammaliferous beds of Perim Island. 

Beds at Kusbalgbar (forty miles south of Attack) ... Upper Miocene (?) 

Nahan beds of Bakrald Range — ... ... Upper Miocene (P) 

Subathu . Nummulitic beds of Salt Range and Fatebjang «. Miocene. 


- Pliocene. 


Subathu 


Commencing with the uppermost beds in this list, it will be seen that I have grouped 
three ( a , b , c,) together ; the two first are placed together ou the authority of Dr. Falconer, 
who grouped the older alluvia of the Jamna with the older gravels of the Nerbudda valley, 
on account of the similarity of their faunae (Pal. Mem., vol. II, p. $80 .) — The Upper 
Siwalik group I have also placed near these beds (see infra) f on account of the distinctness 
of its few mammals from those of the underlying bids : at the same time it must be observed 
that these uppermost beds are^conformable to the underlying series, while they are capped by 
uuoonformable strata, which may be contemporaneous with part of the river alluvia: it 
would, perhaps, be best, therefore, to regard these Upper Siwaliks as * transition beds’ 9 
between the true Siwaliks and the Nerbudda and Jamna series, : 

The following list of genera and species is given by Falconer $PaL p. 642) 

from the older alluvia of the J amna 


ties namadicus, Falc. 


Tetraprotodon palaemdicus Falc, 
Equns(spJ V,. 

Cervus (fop.) 
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In the Indian Museum* we have also specimens of Mus and Semnopithecus from the 
sa£ne deposits. The whole of the genera in the above list are still living in India with the 
exception of Tetraprotodon , which is now^confined to Africa : all the genera (and species at 
present determined) are also found in the Nerbudda deposits. The mammalian fauna of the 
Nerbudda and Godfivan deposits presents a somewhat more copious list than the foregoing : 
many of the species have been figured by Falconer (see “ Fauna Antiqua Sivalensis” and 
" Paleontological Memoirs”), but a few new species are contained in the collection of the 
Indian Museum. The following is the list from these formations 

Bimana. 

Man. (stone weapons ) 


Pboboscidia. 

Elephas namadicus, Falc. ... Stegodon insignis, Falc. 

Perissodactyla. 

Rhinoceros namadicus, Falc. ... Equus namadicus, Falc. 
Abtiodacttla. 

Hexaprotodon namadicus ... Bubalus palaoindicus, Falc. 

Tetraprotodon namadicus ... Bos namadicus, Falc. 

Cervus namadicus, Falc. 


Carnivora. « 

Felis (sp. nov. Indian Museum) Ursus namadicus, Falc. 

Rodentia. 

Mus (sp. nov. Indian Museum). 

The topmost Siwalik clay and conglomerates near Bubhor (see Mr. Medlicott's paper, Rec. 
Geological Survey, India, vol. IX, pt. 2; p. 57) have yielded to Mr. Theobald’s careful 
search two species of Mammals, viz., Bubalus palmndicus and Camelus sivalensis . As the 
first of these species is unknown amongst the subjacent Siwalik Fauna, and as the second is 
an essentially modem form, I have chosen to group these uppermost Siwaliks with the Ner- 
budda beds rather than with those lying below them. Mr. Medlicott, however, is rather 
inclined to doubt this view. 

It will be observed that in the above lists, the whole of the genera, with the excep. 

tion of Hexaprotodon and Stegodon (which are really only 
g genera. sub-genera), are still living on the globe, and among the 

living genera, with the exception of Hippopotamus, the whole number are still living in India. 
None of the fossil species have, hitherto, been satisfactorily identified with living forms ; 
one species of deer is, however, very closely allied to the living Indian Rucervus (as I shall 
show in a subsequent paper) ; and the Bubalus palaindicus (as # £ar as craniologioal characters 
go) is scarcely separable from the Bubalus ami of India. The presence of a true taurine ox 
(Bos namadicus) in these beds marks the distinctness of this fauna from that of modem 
India, but, at the same time, such a highly specialized form confirms the very recent age of 
these formations. , f 

Certain species of Ruminants, each as Bos Falconeri and Gervului stylooeras described 
by Mr. Theobald from the Nerbudda valley (Mem. Gaol Surv., India, vol. II, p. 279), 
am leaded on bones of Bo$ nafta d&*s and S ucervu*. 
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The last fomation which I hare provisionally placed in this newer group consists of 
certain gravels and clays from the Deccan, containing 
Deccan beds. Mammalian remains, some of which have been described 

by Mr. Foote (Pal. Ind., Ser. X, Yol. II). 

The fauna at present only comprises three genera, two of which are only known by 
fragments, and cannot be specifically determined. These are — 

Rhinoceros deccanensis (Foote). 

Bos (sp). Equus (sp). 

Mastodon pondionis, Lartet, has also been described by Falconer from superficial beds 
in the Deccan ( “ Palaeontological Memoirs,” Yol. I, p. 124). 

■These gravels being superficial and undisturbed, point to the comparatively modern age 
of the beds : the bones, too, are in an extremely friable and rotten condition, which would 
induce one to think that had they been buried for long geological periods in this pervious 
soil, they would have completely perished. At the same time, the molars of the species of 
Rhinoceros are so different from those of any living or fossil Indian species, that I cannot 
help thinking these beds may be older than those of the Nerbudda valley, or, at any rate, that 
the Rhinoceros is one of the last survivors of an older fauna. 

The very peculiar and prominent “ cingulum” on the premolars of this species indicates 
considerable relationship with the older Acerotherium and Palceotherium. If Falconer is 
right in identifying the Deccan Mastodon with M. pandionis, this is the only instance of a 
fossil Indian Mammal being identical with a European species. 

The different groups of strata included under this head comprise those beds which have 
produced the greatest number of fossil Mammalia : I have 
pliocene. included under the head of Pliocene-Siwalik nearly the 

whole of the Mammaliferous beds of the Sub-Himalayan 
region (with the exception of the topmost beds noted above), because we have hitherto found 
no distinction in the Mammalian Fauna of the different beds. Few identifiable Mammalian 
fossils have yet been discovered from the N&han beds of Mr. Medlicott (Mem. Geol. Surv., 
India, Vol. Ill, p. 101), nor from what appear to be their corresponding beds in the Jamfi 
and Potwar country (Rec. Geol. Surv., India, Vol. IX, pt. 2 ) described by Mr. Medlicott. 
The main exception to this are certain fossils, to be subsequently noticed, coming from the 
south of Attock. 

Mr. Wynne (Mem. Geol. Surv., India, Yol. X, pt. ii, p. 24) has proposed to identify 
the grey sandstone and brown-day series of the Potwar and Kohat districts with the N&bans 
of Mr, Medlicott : this, I believe, partly arose from a mistaken conoeption of the geological age 
of certain fossils collected by Mr. Theobald in the Kangra and Jamd districts : these fossils 
were all collected from Siwalik and not from Nahun beds, and as they sgr^e, specifically 
with those from Mr, Wynne's grey and brown beds, I have no hesitation in placing these, 
on palflBontological grounds only, as of Siwalik age: Mr. Medlicott agre^ with this view 
(Reo, Geol. Surv,, India, Yol. IX, pt. 2 , p. 56). , n l 

The whole of the Mammalian fossils (with the exception of tbo$e , fi^^ear 1 Attock), 
described by the late Dr- Falconer, were, I have not the leasCfc^^^ the typical 

Siwalik kprfcoa of Mr. Medlicott $ and there which 

has 'been; made* that * Dr; 'Falconer erred iff tol making .Siwalik and 

Nahun MamtoaHan fossils. The division Mn the Siwalik founded , on lithological 

characters only, t have not noticed, as far as' present, contain .die* 

tmctive groups of Mammalia. ' r ' - M'S?- 
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The following is the list of Fossil Mammalia at present known to me from the Sub-Hima- 
lajran Siwaliks 

* PribnosciDiA. 

Stegodon insignia, Falc. « Euelephas hysudricus, Falc. 

Stegodon bombifrons, Falc. Mastodon latidens, Falo. 

Stegodon ganesa, Falc. Mastodon sivalensis, Falo. 

Loxodon planifrons, Falc. 


Pebissodactyla. 

Rhinoceros platyrhinus, Falc. Equus sivalensis, Falc. 

Rhinoceros sivalensis, Falo. Equus palseonus, Falc. 

Rhinoceros palseindicus, Falc. Hippotherium antilopinum, Falc. 

Acerotherium perimense, Fale. Listriodon sp. mihi. 


Abti odactyla, — Suina. 

Hexaprotodon sivalensis, Falc. Sus giganteus, Falc. 

Merycopotamus dissimilis, Falc. Sus hysudricus, Falc. 

Tetraconodon magnum, Falc. et mihi. Hippohyus sivalensis, Falc. 


A btiodactyla— Pecora. 


Chalicotherium sivalense, Falc. 
Oamelus sivalensis, Falc. 
Sivatherium giganteum, Falc. 
Camelopardalis sivalensis, Falc. 
Dorcatherium, 2, sp. mihi. 
Capra, sp. Brit. Mus. 


Bison sivalensis, Falc. 

Hemibos triquetriceros, Falc. 
Amphibos acuticornis, Falc. 
Peribos occipitalis, Falc. et mihi. 
Bos, sp. var. Indian Museum. 
Cervus, sp. var. Indian Museum. 


Cabnivoba. 


Felis cristata, Falc. 

Felis palaeotigris, Falc. 

Brepanodon sivalense, Falc. 

Hyaena sivalensis, Falc. 

Canis, sp. Brit, and Indian Museum. 


Hysenarctos sivalensis, Falc. m 
Amphicyon, sp. mihi, Indian Museum. 
Ursitaxus sivalensis, Falc. 

Lutra palffiindica, Falc. 

Enhydriodon ferox, Falc. 


Hystrix, sp. Falc. 


Rodentia. 

Mus sp. Falc. Typhlodon sp. non-desc, Falc. 

Qxtadbumana. 

Semnopithecus Sub-Himalayanus, Meyer: and Macacus. ' 

Seveml speoies mentioned in the manuscript notes of the late Dr. Falconer, but never 
described, and of which the original specimens are now unknown, have been omitted from 
the above list, as it is quite impossible to identify them. Camelopardalis affims of Falconer 
has also been mnitted, because the species appears to me to havl been founded on a mistake. 
(See Appendix*) t 

Referring to S table of formations |iven aboVe, we find the next on the list to be cer- 
tain beds at Chitt^ngv^e^ beds lhave never seen* nor ami aware that they have been 
^ ‘ they are wridjpe# of & mail collection of foaoiis froaa ■' .the 

ktheln®**^ ip « 

s tiro ^ ■Mfci. WJft,. , 

of ' of ' 
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The next formation on the list (is the Mammaliferous series of Pegu and the Irawadi 
river : fossils from these beds have been described and figured by Dr. Falconer (“ Fauya 
1 Ant. Sival.” and “ Pal. Mem.*'), and by Mr. Clift (Trans. (Jeol. Soc., London, 2nd series, vol. 
4) ; several new species of Mammals from this district are contained in the collection of tho 
Indian Museum, obtained by Mr. W. T. Blanford and Mr. W. Theobald. The following list 
contains only those species of which the locality is certain 


Proboscidia. 

Stegodon Cliftii, Falo. Mastodon latidens, Falo. 

Mastodon sivalensis, Falc. 


Perissodactyla. 

Rhinoceros n. sp. mihi, Ind. Mus. Equns sp. Ind. Mus. 

Acerotherium perimense, Falc. Tapirus, Clift. 


Aetiodactyla. 

Hexaprotodon iravadicum, Falc. Bos. sp. Ind. Mus. 

Merycopotamus dissimilis, Falc. Cervus sp. Ind. Mus. 

Yishnutherium iravadicum n. gen. 
mihi. 


Carnivora. 


Ur bus sp. Indian Museum. 

• 

The fauna of tho (probably) Siwalik strata of the Niti Pass and Tibet is only known 
from a few fragments of bone described by Dr. Falconer (“ Pal. Mem.,” Vol. I, p. 175), and 
from certain fossils collected by General Sfcrachey (Quar. Journ. Geol. Soc., London, Vol. VII, 
p. 292); these comprise remains of a species of Rhinoceros, and of a ruminant allied to Ovis 
or Capra. 


The mammaliferous strata of Sind, with which I should be disposed to group those of 
Kach, have been recently described by Mr. W. T. Blanford (Rec. Geol. Surv., India, Vol. 
IX, pt. 1) under the name of Manchhar beds, which he correlates with the Sub-Himalayan 
Siwaliks ; the only genera which I can at present identify among the numerous fragments of 
bones collecteAy Mr. Fedden from these deposits are the following 

Proboscidia. 

Mastodon latidens, Falc. Stegodon sp. 

Dinotherium sp. mihi. 

Perissodactyla. 

Rhinoceros, 2 sp. mihi. Listriodon sp. 

Aetiodactyla. 

Merycopotamus sp. mihi. Ruminant sp. (astragalus.) 

Chalicotherium. Bp/ 

The last beds that I have introduced into the pliocene group are the mammaliferous 
gravels of Perim Island, in the Gulf of Cambay ; most of the species were noticed by 
Falconer ; the list comprises— 

Proboscidia. 

Mastodon latidens Falo. Dinotherium indicum, Falc. 

Mastodon perimensis Falc. 

Pkrjbsqdaotyla 

Acerotherium perimense, Falc* Rhinoceros sp. nonces. 
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Abtiodactyla. 

t* Bramatherium perimense, Falo. Antilope sp. mihi Ind. Mus. 

Camelopardalis sp. Falc. t Sue hysudricus Falc. 

Capra, sp. mihi. Ind. Mas* 

The Mammalian fossils which I have provisionally placed under the head of Miocene 
comprise three groups ; the first of these is from Kushalgbar, forty miles to the south of 
Attock. In the early part of the present year I made a journey to Attock for the purpose 
of re-discovering the beds from which these fossils had been obtained ; unfortunately I had 
not been correctly informed as to the precise locality at which the fossils had been found, 
and I was consequently unsuccessful in the main object of my journey. The exact 
horizon of these beds must therefore be still an unsettled question : from the marked differ- 
ence between their small fauna and that of the typical Siwalik area, I am inclined to think 
that they may belong to a somewhat earlier period, such as the N&han of Mr. Medlicott ; 
red strata corresponding to the latter occur in the neighbourhood from which the fossils 
were obtained. The original specimens from this locality are now in the Indian Museum ; 
those to which Falconers name is added in the following list were shortly notioed by him 
in a manuscript note ('* Pal. Mem., Vol. I, p. 415) ; the following list contains all the species 
known to me from this locality ; — 


Pboboscidia. 

Mastodon sp. Ind. Mus. Dinotheriumpentapotamicum, Falc. 

Pebissodactyla. 

Listriodon pentapotami®, Falc. (gen. mihi.) Antoletherium, Falc. 

Rhinoceros sp. n. Ind. Mus. 

Abtiodactyla. 

Merycopotamus sp. mihi. # Sus pusillus, Falc. 

Dorcatherium sp. mihi. 

Cabxivoba. 

Amphicyon sp. n. Falc. 

With regard to other formations below the typical Siwaliks, the fossils are so few and 
so fragmentary, that very few of them can be specifically determined. Mr. Wjnne has 
collected a fragmentary tooth of a species of Mastodon from the Nahan beds of the Ba&r&la 
range near Jhilura. From the Sab&thu nuramulitic beds of Fatebjang and its neighbour- 
hood Mr. Wynne has obtained a considerable series of bones, but mostly in a very unsatis- 
factory condition. 

From the beds immediately overlying the Mammaliferoms days of Fatehjang, I have 
recognised the perfect astragalus of au Artiodactyle animal ; the form of this bone shows that 
the navicular and cuboid were united; tbe animal was therefore probably a Ruminant. 
From the Sab&thd nummulitics we have a femur of a Perissodactyle animal allied to Rhino* 

ceros. These are the oldest Mammalian remains yet discovered in India. 

« 

paving now shortly noticed the firanee of the various Mammaliferons beds of India, it 
y to consider their relationship one to another, and subsequently the relationship 
group to the living and foftil M a mma lia n fhun® of other regions of the globe. 


i 
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On looking through the foregoing lists, it will be observed that there is but one species of 
Mammal common to the faunm of the Nerbudda beds and the lower Sub* Himalayan Siwalilta, 
vis., Stegodon insignis ; the remains of this species are fcr less common in proportion to 
those of other animals in the Nerbudda beds than in the Siwaliks : this fact indicates 
that the species was rapidly dying out in the latter period, beyotfd which the genus is 
unknown. Bubalus palceindictis has been quite lately discovered (in company with Gamelus 
sivalensis) in the topmost beds of the Siwaliks, which have not hitherto yielded other 
Mammalian remains : as this species is not found in the lower Siwaliks, I have placed these 
uppermost beds in near relation to the Nerbudda beds. Since, as noticed above, the genera 
Hippopotamus and Stegodon are the only forms at present not generically represented among 
the living Indian fauna, there can be no doubt as to the very modern age of these deposits. 

w Tke only two species of Mammalia at present satisfactorily determined to be common to 
the Sub-Himalayan, Irawadi, and Perim Island beds are Acerotherium perimense (this 
species was added last year to the Siwalik Fauna by Mr. W. Theobald's discovery of two 
well-preserved upper molars in these strata) and Mastodon latidens. 

Both the species of Mastodon , which occur in the Siwaliks, are also found in the 
Irawadi beds ; but the 1 Rhinoceros of the latter deposits is very markedly distinct from any 
of the Siwalik species. (The molars of the Irawadi Ehinocerps in the Indian Museum I shall 
describe on a future occasion.) The species of Hexaprotodon are also different in the two 
deposits : the same species of Merycopotamus , however, occurs in both. Stegodon cliftii 
appears to he peculiar to the Irawadi beds ; it is the species most nearly allied to the 
Mastodons , and is therefore probably the oldest of the genus ; teeth of Mastodon are very 
common in these beds, while true elephants appear to be absent ; but I cannot lay great stress 
upon this point at present; if the absence of JSuelephas be confirmed by a more thorough ex- 
amination of these strata, I should be well-nigh sure that these beds are older than the Siwaliks. 
A new genus of Ruminant, for which I propose the name of Vishnutherium , closely related to, 
but smaller than, Sivatherium and Bramatherium , has been determined by me from a portion 
of a lower jaw with teeth obtained from these beds by Mr. W. T. Blanford. Remains of spe- 
cialised Ruminants like Cervus, Bos, and Antilope, as also of Equus, are far more rare in the 
Irawadi beds than in the Siwaliks— facts probably pointing to the somewhat older age of 
the former. 

From the Mammalifereus beds of Perim Island, Acerotherium. perimense and Mas- 
todon latidens are the only two Mammals which I have been able satisfactorily to identify 
with the Siwalik fauna ; the one molar of Sus from Perim in the Indian Museum seems, however, 
to be the same as the Siwalik Sus hysudricus. All the other species at present determined are 
peculiar to this district : out of seven genera, four are quite extinct, and two of these, viz., Dim- 
thorium and Bramatherium, are not found in the typical Sub-Himalayan Siwaliks. The 
presence of the former of these genera indicates a relationship between this fauna and that 
of Sind, and the Attock beds. f 

The extinct Mammalian fauna of the Siwaliks of Sind, as far as it is at |r^t known, 
seems to indicate a group distinguished from that of the typical Sub-Hto^f» deposits. 
Among the email, but interesting collection of fossils brought Mr. 

Feddeb, I notice the absence of Equus and Bovoid Ruminants* **4 

Hum, Sorcatherium, mi Merycopotmm ia 

these beds, and teeth baye been ob^h^ffott ' bat 

not from the true Siwaliks of Falconer s it would therefore ; .eewa:;| ^ i ||ij i|l^au8 genne in 
tertiary times was confined to the western side of Vpper Ind.A. not tanging' into tho Ban 
and Ba t ty districts. 'Two speciee of Minoetm from 
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these beds : one of them is different from either of the Siwalik species, and allied to R. 
d&ccanensis of Mr. Foote, while the other approaches to R. palceindicus. The species of 
Listriodon appears to me to be the same as Listriodon pentapotamice from Attock. I think 
it probable from this fauna, either that it was separated from the typical Siwalik fauna 
by physical barriers, Or that it might have been slightly older. Mr. Fedden tells me that 
the Mammals from these deposits are found nearly at the base of the fresh-water series ; in 
the Potwax district, on the other hand, they occur nearly at the top : this suggests that 
the Sind fauna is somewhat the older.* 

The fauna of the Kushalghar beds near Attock comprises a small group of Mammalia, 
in' which the species and in many cases the genera are quite distinct from* those of the typical 
Siwalik area ; all the specimens from this locality are molar teeth in an excellent state of 
preservation, so that there can be no doubt as to the correctness of their specific identification ; 
the fossils are embedded in a red clay matrix, which lends confirmation to my suggestion that 
they may belong to the N&hun zone of Mr. Medlicott. Among a total number of nine genera 
from these beds no less than five are extinct ; one of these genera, Dinotherium (as noted 
above) is unknown in the typical Siwaliks ; while another, Antoletherium, is peculiar fo 
these beds : a third, Amphicyon , is only known in the typical Siwaliks, from a single 
carnassial tooth of the lower jaw brought by Mr. Medlicott from the red-clay and sandstone feeds 
of Nurptir (these beds are placed quite at the base of the Mammaliferous Siwaliks) ; the Attock 
specimen, which is an upper true molar, must have belonged to a much smaller animal than the 
Siwalik specimen ; and the two species were doubtless distinct. The Merycopotamus of 
the Kushalghar beds seems to be the same as the Siwalik and Burmese species t ; a 
lower molar of Rhinoceros , from the same locality, is quite distinct from those of either 
of the Siwalik species of the genus. A species of Dorcatherium from these beds may or 
may not be distinct from falconer’s Siwalik species, the original and description of which 
seems to have been lost, the name only appearing in a manuscript note. A very small 
and distinct species of Sus (the animal could scarcely have been larger than Hodgson’s 
Rorcula salvania) is also peculiar to these beds. Listriodon has only just been found 
in the Siwalik strata by Mr. Theobald ; it existed in the lower Miocene of Europe : I 
think the Siwalik species is the same as Falconer’s Listriodon pentapotamm. 

Apart, therefore, from the position of these Kushalghar beds in the geological series, 
their Mammalian fauna is found to be very markedly distinct from that of the Siwaliks, 
From the presence of such, simple forms as Antoletherium Dinotherium and Listriodon 
together with Amphicyon and Dorcatherium — all European Miocene forms— andi from 
the absence, hitherto, of all such specialized types as Bos, Elephas, Equus, Ac., 
we sure led to place this fauna in closer connection with the ancestors of the true 
Siwalik fauna. Whether the age of the fossils is really pre-Siwalik, or whether the 
animals from which they were derived lived in part contemporaneously with the Siwalik 
fauna, but shut dfffrom it by physical barriers, must remaid an open question until the 
exact position of ;Sfee beds is determined ; at all events there seems to be a distinctness in the 
fauna of all the jdaisnaaHferous beds of the western side of India from those of the typical 
Siwaliks of Falconer*:: and Listriodon are only found at Attock, in Sind, and at 
v The above show that the Burmese Fauna, though different* still 
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liaH considerable relations to the Siwalik, indicating some land connection between the two 
areas, perhaps something like that which exists at the present day ; on the other hand, Vhe 
Faunae of Perim Island and the Kushalghar beds are markedly distinct. Nothing definite 
can at present be predicted regarding the other beds. 

Having now shortly glanced at the relations of the fossil fauna among themsolves, 
we may consider their relations firstly to the present fauna of the globe, and secondly to the 
fossil fauna of other regions. The lists given above (excluding the Post-Pliocene period) con- 
tain upwards of forty-six well established genera of Mammalia ; of these, the following 
twenty-five, or rather more than one-half of the total number, are now extinct, viz . : — 

Pboboscidia, Mastodon , Stegodon , Dinotherium. 

Pebissodactyla, Antvletherium , Acerotherium , Rippotherium , Listriodon . 

Abtiodactyla, Heraprotodon , Tetraconodon, Merycopotamus, Rippohyus, Bramatlieri- 
um, Vishnutherium , Sivatherium, Remibos , Amphibos, Peribos , Dorcatherium , Chali - 
cotherium . 

Rodentia, Typhlodon, 

Carnivora, Drepanodon, Amphicyon , Uycenarctos , Ursitaxus , Enhydriodon . 

Of the remaining genera there are now found living in India or the adjacent countries 
the following seventeen, viz . : — 

Pboboscidia* Euelephas . 

Pbhissodactyla, Rhinoceros, Equus . 

Abtiodactyla, Cervus, Antilope , Capra , Bison ( Poephagus ), Bos (Bibos), Sus . 

Rodentia, Rystrix. 

Carnivoba, Ft Us, Hyana, Lutra , Caaw, Ur sus. 

Quadrumana, Scm'nopithecns, Macacos. 

The above list shows that rather more than one-third of the genera of the middle tertiary 
Mammalia of India are still living in Asia ; if now we turn to the living Mammalian fauna of 
Africa, we find the following twelve genera common to it and to the Indian Tertiary 
Mammalian Fauna, viz. 

Pboboscidia, Loxodon. 

Pebissodactyla, Rhinoceros , Equus. 

Abtiodactyla, Hippopotamus (representing Rexaprotodon), Bubalus , Camelopardalis , 
Capra, Antilope. 

Cabnivora, Hycma, Lutra, Felis , Canis. 

As being closely connected with our present subject, we may notice here the great number 
of living Mammalian genera common to the continents of India and Africa (south 
of the Sahara). The following list of forms (exclusive of Cheiroptera) common to tho 
two continents was kindly given to me by Mr. W, T. Blanford ; it comprises twenty-three 
genera, nit. 

Pboboscidia, Elephas (Loxodon in Africa and Euelephas in India. 

Pebissodactyla, Antilope (subgenera), Qatella, Capra, Bubalus. 

Siberia, Haticore. 

Rodentia, Sciurus, Rystrix, Mas, Oerbillus, Lepus. 

Insectivoba, Erinaceus, Sore; r (Crocidura). 

Carnivoba, Belts (sp. leo. and leopardus), Cants (sp. aureus)* Mustela (Himalayas), 
Syoma, Viverra Paradomrus, Lutra, A onyx, Herpestes, MelHvora. * 
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Assuming the truth of this hypothesis* we must, in considering the relations of the extinct 
to the modern fauna of India, divest ourselves of the idea of peninsular India being bon- 
nected by means of the Himalaya with Central Asia ; rtfcher we must look upon it as having 
been disconnected from the latter region by a deep Eo-Miocene sea, which deposited the 
extensive nummulitic formations of the Himalaya and Persia; and as having been con- 
nected by the old " Indo-Oceania” with Africa, and so with Europe* Subsequently to the 
(at all events partial) upheaval of the nummulitic series and its overlying sandstones and 
red clays, the great fresh-water Mammaliferous series was deposited : and it becomes an 
interesting question to eonsidor whether these were deposited previously or subsequently to 
the submergence of “ Indo-Oceania.” 

Before there can he any chance of answering this question, the geological age of the 
Siwaliks must be certainly fixed ; whether in fact they should be placed in the Miocene or 
Pliocene period. The number of extinct genera of Mammalia in these beds is so large, that 
on first thoughts one would be at once inclined to say that they cannot be of later age than 
Miocene : this view was taken by Dr. Falconer, and has boeu subsequently acquiesced in by 
roost other writers. In considering this question we must, however, hear in mind, that it 
does not at all follow that the same rule holds good in India as in Europe ; changes of climatal 
and physical conditions, and consequently of the forms of life, may have been infinitely more 
rapid in the one region than in the other. 

Besides tdie Mammalian remains, a considerable number of species of Mollusca have been 
collected from the Siwaliks ; these were sent by Dr. Falconer to the late Prof. E. Forbes for 
determination ; a considerable number were identified with living forms, and Mr. Theobald 
now tells me that he believes (owing to the more complete collections of living species now 
extant) nearly all are identical with living species. At the end of his note on the subject 
(Pal. Mem., Vol. 1, p. 390) Prof. Forbes says that the Molluscan evidence tends to place the 
age of the Siwalik Fauna as not newer than older Pliocene ; however, Mr. Theobald’s 
suggestion turn out to be correct, the ago would, from the Molluscan evidence, be later than 
this. In the first volume of the Paluooutologioal Memoirs (p. 26) it is stated that in the 
opinion of a then eminent authority (Mr. Benson), nearly if not quite ,all the Siwalik shells 
were identical with living species. Our collection of these shells in the Indian Museum is 
not at present very extensive ; if additional specimens be obtained, it would be very important 
to have the whole series carefully compared with their liviug congeners. 

There is, however, the still more important fact, that the Gharial of the Siwaliks, and 
one species of Crocodile, are absolutely indistinguishable from their living Indian represen- 
tatives, whilst there is, I believe, no instance of reptiles having survived from the Miocene 
to the present period. Both of the above facts to my miud point very strongly to the 
Pliocene age of the Siwaliks : Emys tectmn is also another Siwalik .Reptile which has 
survived down to the present time. 

Another very important piece of evidence tending to the same view is afforded by 
a statement of Mr. W. T, Blanfords (Rec. Geol. Surv. India, Vol. IX, pt. 1, p. J8)inhis 
Geology of Sind ; it is there shown that the Manchhar beds, which he correlates with the 
Siwaliks (and from the few fossils brought from them, I should say that they cannot possibly 
he newer) rest uuconformably on beds “ which are at the oldest Upper Miocene.” If this 
identification is certain, it at once disposes of the Miocene theory of the age of the Siwaliks. 

The assemblage of Mammalian genera in the Siwaliks* and other Indian Tertiaries, 
is so incongruous, according to our ideas derived from the European, fauna (as was long since 
pointed out by Dr. Falconer), that it seems to be impossible from this alone to <J|cide 
their age. Forms such as Chalicotkerium, Acerotherium and Dorcatforium are very 
characteristic of the Miocene of Continental Europe; but then We find mixed with them such 
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markedly modern forme as Equus, Hippopotamus and Bos, just as characteristic of the 
Pliocene in Europe ; and it is from the presence of these and kindred genera that I am 
inclined to give my adherence to th# view of the modern age of these strata ; rather than, led 
away by the presence of older forms, which might well have lived down to a later period in 
this country than in Europe, to place the Siwaliks in the Miocene period. Mr. W. T. 
Blanford, in the paper above quoted (page 18, note), attaches much weight to the presence 
of specialised Ruminants in the Siwaliks, as indicating their Pliocene age : and the absence 
of genera like Palaotherium and Anoplotherium, as far as negative evidence goes, also tends 
to prove the modern age of the Siwaliks ; with regard to Mr. Blanford’s remark, however, 
it is mentioned in the report on the Miocene Mammals of Attica (Coinpt. Rend Vol. LI, p. 
1296) that “ L abondance des Ruminants est remarquable h Pikermi and yet the strata 
are placed as Miocene. 

• 

Assuming, however, the Pliocene age of the Siwaliks, and the former connection of 
India with Africa, we still have to account for the number of generic forms common to 
Tertiary India and Tertiary Europe: this, however, presents no difficulty, because it is» 
I believe, a well-established fact that Southern Europe and Northern Africa were connected 
by land in middle tertiary times ; so that a land communication (not necessarily continuous 
at any one period) must have once existed between India and Europe, across the Indian 
Ocean, allowing of the free migration of the Mammalia of the three great continents. 

According to this view of the case, we may readily conceive how a European Miocene 
genus like Helladotherium or Camelopardalis (both found fossil on the extreme southern 
borders of Europe) may have lived in these regions, m Northern Africa and in the inter- 
mediate submerged land, and so may have given origin to the Camelopardalis of the 
latter continent, and also to the Sivatherium , Bramatherium and Giraffe of the Indian 
Tertiaries, which lived in the succeeding Pliocene period. The same may be said of Elephas 
and Hippopotamus , some forms of both of these genera being found either living or fossil 
in all the three continents ; both genera might have taken their origin in the Miocene 
“ Indo-Oceania,” or adjacent lands, and thence spread out on all sides ; to five in one continent 
up to Pliocene and Post-Pliocene times only, and in the other two to exist up to the 
present day. 

The presence of such genera as Equus and Bos in the Pliocene of Europe, and in 
the Siwaliks of India — genera which are still living in both continents — appears to lead to 
the conclusion that the connecting land between India and Europe must have existed down 
to a comparatively modern period : and that perhaps some portion of the Siwalik strata were 
deposited during the period of this union. 


The very large number of Mammalian genera common to the Indian and European 
Tertiaries, and the comparatively small number common to thg former and to the living 
Fauna of Europe, seem to point to an earlier separation between India and Europe than 
between India and Africa ; the Faunae of the two latter countries still have so many forms 
in common, that it &ppears only a relatively short period of time can have elapsed since their 
(separation ; a period not long enough to have modified the genera, and in several cases not 
jjjfte ' species. Between India and Europe, on the other hand, the relationship between 
* ‘ generals nihch less close ; ahd we have to go ..bMole '-ta 

‘ couotiy, J?lio<^ 

laud .. two. certain 

to.y^ wnntrie^.and tee! must bear. 

tJhetkee great continents of fteold world, India would 

* ,>wo ends of ihhi* therefore, .their 
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differ most : moreover, the continents of modem India and Europe differ now (irrespective 
of what may have occurred in Tertiary times) very greatly in climate, and to this cause 
alone we may attribute in great part their present divergence in faumu. 

If a more complete series of Mammalian remains should hereafter be discovered in the 
Tertiary strata of Africa, we may confidently expect to find among them more conclusive 
evidences of the former mingling of the faun so of the three great continents of the old 
world. Among the few Mammalian remains which have been obtained from the upper 
Tertiaries of Algiers, there is a species of Buhalus {B. antiquus : see Gervais* “Zoologio 
et Palseontologie,” 1st series, pi. XIX), which approaches much nearer in the form of its 
cranium to Bubalus ami of India, than to any living African species of the genus; 
certain characters, however, relate it to B. brachyeeros of the latter continent. Intermediate 
forms like the above afford the most conclusive evidence of the former connection of the two 
continents. 

The presence of two or three genera of Mammalia in the Siwaliks seems to indicate 
that at some period of time the fauna of the Indian region must have had communication 
with the progenitors of the American Fauna ; for instance, the genera Mastodon and Equus 
arc common to the Tertiaries of Europe, Asia and America : Sivaiherivm is not only related 
by the form of its molar teeth to Camelopardalis and Megaceros, but in the structure of its 
horn-cores it approaches the American Antilocapra , and no other living Mammal. Cameltes, 
again, which i& found fossil in the Indian Tertiaries, and in no other formations in the world, 
must have had some relationship with the ancestors of the Lamas and Yicuunas of the 
Cordilleras : a fact which I have just discovered confirms this point : the Siwalik camel 
presents a peculiarity in the lower molars which is not found in the living species, but exists 
only in the American Auchenia* If camels exist wild in Turkestan, the presence of the 
genns among the Siwalik fauna is one of the few instances in which that fauna is related 
to the fauna of Central Asia. 

No remains of Edentata (now sparingly represented in India) have hitherto been described 
from the Siwaliks. Insectivora aie likewise unknown; and no specimens of Rodentia have 
been obtained since Falconer s original specimens. As is so generally the case among older 
faunae, many of the Tertiary animals of India vastly exceeded in size their modem representa- 
tives ; as instances wc may note, Stegodon ganesa , Sivatherium , Bramatherium , Rhinoceros 
platyrhinus, Hyamarctos sivalensis , and above all Colossochelys gigantea. 

With regard to the presence of man among the fossil fauna of India, it will be noticed 
that the discovery of a stone weapon in the gravels of the Nerbudda by Mr. Hacket, and 
of another by Mr. Wynne, in the Goddvari Valley, have confirmed the suggestion of Dr. 
Falconer (Pal. Mem,, Vol. II, page 577) that man would one day be found in these deposits. 
No traces, however, of man have yet been discovered in the Siwaliks, though Falconer 
thought they might occur even here ; and on the theory of these beds being Pliocene, occurrence 
of human remains is still more probable ; even yet I think all hope of finding them is Dot ex- 
hausted, especially when we remember how very rare are the remains of any Mammals of the 
anthropoid type; the one tusk of an Ape allied to the Orang, found by Falconer (Pal. 
Mem., Vol. II, page 578) is still the only specimen of the species hitherto discovered among 
the many thousands of specimens brought from these deposits. It must also be borne in 
mind that the whole of the Siwalik fossils are derived from strata and not from caverns, 
and that, therefore, the chance of finding human remains among them is so much the less. 


• This peculiarity will subsequently be fully described. 
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Lastly, I would conclude with a few words as to the past and present physical features 
of the Siwalik region, and as to the causes which have led to the complete extinction of the 
old Fauna. My remarks will chicly have reference to that portion of the Siwalik area lying 
between the rivers Satlej and Indus, as being that with which alone I am personally 
familiar. 

The present Siwalik hills consist of a series of comparatively low ranges, with a general 
north-west strike, forming the outermost bands of the Himalaya (see Mr. Medlicott: 
Mem. Geol. Sur., India, Vol. Ill, and Mr. Drew : “ Jamu and Kashmir Territories”), 
here and there pierced through and broken up by masses of the underlying forma- 
tions: even their very topmost beds are contorted and crushed in every conceivable manner, 
indicating the lateness of the period down to which the upheaval of the Himalaya has 
extended. t m 

These hills are either completely bare, or are covered with forests of Pinus longifolia 
andPicea Webbiana , or with low scrub jungle: the “duns” between the ridges are gene- 
rally cultivated and fairly fertile. The rivers are generally confined to narrow channels in 
deep-cut gorges, and never that I am aware of spread out into lakes : isolated lakes of any 
size are aiso very rare. On the uncultivated lands natural herbage (fit for food) is extremely 
scarce; and in its present' condition the country seems to me entirely unfitted for the support 
of a fauna such as that of which we find the remains embedded in its strata. 

Mr. Medlicott, however, has reminded me that the old Moghul Emperors used to hunt 
the elephant in the Jamu hills; and it therefore seems likely that cultivation must have had 
a share in rendering this part of the country unfit for the habitation of large game. Fur- 
ther to the east the Siwalik area still abounds in jungle, in which the elephant is found 
abundantly. 

, Several of the Mammalia found in the Siwaliks of JamG belong, however, to genera 
which live in the open sparingly- watered plains of Africa ; such are Equus and Camelopar- 
dalis. The Hippopotamus , however, on the other hand, is only found at the present day inha- 
biting large and deep rivers, with pools and lagoons, and on the banks of which grow 
abundance of rank and succulent vegetation ; and, to my mind, could not have possibly lived 
in any of the rapidly -flowing rivers of Jamu. 

It on the other hand, we glance back at what might have been, and very probably was 
the character of the country during the deposition of the Siwalik strata, we may readily 
imagine a physical condition much more suited to animals like the hippopotamus. 

Since, in the Jam6 district, at all events, the Siwalik strata are carried up and contorted 
by the conformable underlying rocks, it is evident that these older rocks have only been raised 
at a comparatively recent period to the elevation at which we now find them, and that conse- 
quently in Siwalik times the whole of the outer belt of the Himalaya must have been much 
lower than at present. This lower elevation would imply a smaller degree of fall in the 
rivers (which Mr; Medlicptt supposes to have flowed in the same courses in Siwalik times as 
at present) and these consequently, instead of denuding, would have been depositing in the 
ftitmlik, districts, and have wandered in sinuous courses over extensive marshy 
|spreading out here andthere into lakes: under such conditions we may readily ima- 
country to hate abounded with dense jungles of succulent ^auts suited for the 
9 herbivores pee the hippopotamus/ rhinoceros, elephant, Ac; > the coition 
y*ai probably % present ittaio- 

'T;^ buWoe still exist* ISvSd«nee J 6ff;the former 

i is a%r4ed by t&e trust nutnfeer of” ^tr^stems.'^ntt ' life ’Jfefono 
1 near tfhl&m, itt nfct* sparingly in other pieces* ’ \ ‘ V : 
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During the whole of this “ depositing-period” the innermost band of the upper 
Tertiaries (Nahans) was probably being gradually upheaved, while its detritus was again 
deposited in the outer band : in course of time the elevation of the inner regions would 
become so great as to cause the rivers to begin to cut through the outer Siwaliks, and so 
gradually to drain the country ; the Siwalik strata becoming contorted and crushed as they 
were slowly upheaved. This gradual draining of the country and consequent disappearance 
of a great part of the vegetation would, I imagine, have been of itself a power quite 
sufficient to have caused the total extinction of migration of the old Siwalik Fauna from 
these regions without invoking the aid of man or any other living agent. 

Why some genera like Camelopardalis and Hippopotamus , apparently as well fitted as 
Elephas or j "Rhinoceros to have survived in other parts of India, should have entirely 
disappeared from the country, while others like Sivatkerium should have become totally 
extinct, it is useless to conjecture in our present state of knowledge. 

It may be observed that the whole of the Siwalik Mammalia belonged to genera fitted 
for life in the plains or in low jungle-clad hills, not barren and lofty mountains : we mark 
the presence of genera like Elephas , Camelus, Camelopardalis , Equus , Hippopotamus ; and 
Rhinoceros , and note the rareness of Capra , Ibex, Ovis, Nemorhadus , and similar mountain 
genera. Certain beds in Tibet (General Strachey, sup. cit.), however, presumably of Siwalik 
age, have yielded either an Ovis or Capra : the further exploration of these strata would pro- 
bably show a mqre intimate connection between their fauna and that of Central Asia than is 
found to exist between the latter and the typical Siwalik Fauna. 


APPENDIX A. 

Descriptions of some new or little known Mammalia from the Indian Tertiaries . 

tetbaconodon magnum. Falconer. 

This genus was originally founded by Falconer upon two upper molar teeth from Dad dpdr; 

(' Palaeontological memoirs’, Vol. I page 149) these teeth have apparently been lost ; but a 
drawing is given in the memoir quoted : no other specimens of the genus have ever been recorded. 
The molar teeth indicate an animal of the hippopotamus family. 

In the present season Mr. Theobald has sent down from the Siwaliks of ABnot in the Fotwar 
district a portion of a right mandible of a Hippopotamoid, containing the first and second 
molar teeth, and the ultimate premolar, together with the penultimate premolars of both 
sides of the jaw. The molar teeth of this specimen seem to correspond in general character with r 
the molars of Falconer’s Tetraconodon so closely, that I have referred the present specimen to 
the same genus and species. 

The second molar tooth has not yet oome into full wear, and is in excellent state for 
description. The crown of this tooth is oblong in shape ; it is produced at its angles into four 
conical or mastoid processes, fbrming a pair at each end. A cruciform valley occupies the 
surface of the crown between the four cones; the transverse portion of this Va^ey is the 
widest and deepest ; the extremities of this transverse valley extend downwards to the rides of the 
crown. At the central hollow between the four cones there ie n bllobed knottier 

tulon tubercle ooenpies the hindmost portion of the antero-poaterior valley jithepe'toi ‘wry smell, 
tubercle st the outer extremity of the transverse Talley. ' Thf *- >l " n> 

On the worn surfaoe of tits first motor the ptone of Went 

The resemblence between this penuMmateJower molar 
Falconer's specimen (as may be seen by comparing , the two deacriptie!De)>tooomplete ; and on the 
widenee of thi* tooth alone' I have united the two specimena'nwltt'^|^eetos. , ■ » 
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I now come to tbe premolar teeth of my specimen, hitherto unknown, and which are of 
a , most abnormal and interesting character. These teeth vastly exceed in size the true molars, 
a character which is, I believe, unknown among other mammals ; they are placed in direct contact 
with the molar series, and have a general resembkuce in form to those of Hippopotamus and 
Merycopotamus ,* each is inserted intothejaw by two fangs; the penultimate premolar does not 
present any facet of pressure on its anterior surface, and was therefore probably separated by 
a diastema from the preceding tooth. 

The ultimate premolar has a nearly square base, from which rises an oblique compressed 
cone, the summit being directed backwards and placed a little in advance of the hindmost 
border of the crown ; the anterior face of the cone projects into a sharp sinuous ridge running 
from summit nearly to base, expanding below into a cingulum, which occupies the greater part 
of the anterior base ; the cingulum slopes from the ridge to the antero-external angle. A small 
tubercle occurs between the summit of the cone and the posterior border ; this tubercle fornrH the 
summit of another cingulum occupying the posterior surface ; the posterior cingulum slopes towards 
the base of the crown on each side from this central point ; the outer extremity of the cingulum 
forming a very marked ledge at the postero-external angle of the crown ; a rounded notch occupies 
each side of the crown between the roots of the fang. The inner surface of the tooth is 
nearly vertical, the outer sloping. 

The enamel is arranged in irregular branching ridges radiating from the summit to the 
periphery of the base ; these ridges are again marked by fine parallel transverse stria). 

• 

The summit of the crown is worn obliquely, the face directed upwards and backwards ; 
the worn surface present two facets, and iB of an irregular oval shape, the longer diameter placed 
antero-posteriorly. 


The penultimate premolar differs from the other in being rather smaller in the base 
of the crown presenting a somewhat triangular cross-section, and in the summit of the cone 
being more directly over the centre of the crown. A more prominent ridge from this summit 
runs along the centre of both anterior and posterior surfaces ; the posterior cingulum is also 
rather more prominent. 


The dimensions of the specimen are as follows, in inches and tenths 

Length of two molars ... ... ... ... ... ... ... • 

Ditto 2nd molar ... ... ... ... ... ... ... 

Width of ditto ditto ... ... ... ... ••« »•• ••• 

Height of ditto ditto ... ... ... ... ... ... ... 

Length of ultimate premoJar ... ... ... ... ... ... 

Width of ditto ... ... ... ... ... ... ... ... 

Height of ditto ... ... ... ... ... ... ... ... 

Length of penultimate premolar... ... ... ... ... 

Width of ditto ... ... ... ... ... ... 

Height of ditto ... ... ... ... *»■ ... ... 

Depth of Jaw at tdtitoate premolar * .~ 

Length of the penultimate molar of Falconer’s specimen ... 


2*60 

1*45 

1*80 

•80 

215 * 

210 

1-80 

2-05 

1-80 

l’*5 

810 

1*40 


The general form of the premolar* resemblea those of Hippopotami* : the cingulum, however, 
la eouflned to the fore andnft aorfaoea only, ; In tbe position of the cingulum, and in the straight- 
f the inner wall ofthe premohws, the specimen approaches the prefooiaii-of Meryoopotamnt. 


by Falconer, the tqol»r» can onljr.be compared with those pf i Btippppotaumt uii 
position of the four ooj^f at the corner^, and the absence of the trefoil-shaped 
snffiMently dlating^hmthe' mol«» from thorn ot Bijppofotamt, Fttjm &w 
by the elight dagwe of ohlign^y of the worn surftwe,and from tike crown 
collection :cfs*emi*di« inet tnbercles, but divided inhn frnr djctinOt simple 
is sclMUraoter commcin to thiagenunsd « J i » * 
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The distinction between the molars oF this genus and Anthrac other inm are well pointed # out 
by Falconer in his memoir. • 

The peculiar form and size of the premolars, now first known, (sufficiently differentiate this) 
remarkable genus from all its congeners. The gigantic size of the premolars appears to be a 
further extension of the ultra development of the anterior teeth, which is found in Hippopotamus 
and Bus : in the living genera this ultra development is confined to the canines and incisors only* 
while in the fossil genu* it extended back to the premolars. It is to be hoped that further re- 
searches may bring to light the cranium and anterior teeth of this most remarkable mammalian 
form. 

The genus was called by Falconer by the two names of Tetraconodon and, Ch&rofherium 
The latter name is now applied to a small suine animal from Sausans, (Lar) ; (see Ann. Mag. 
Nat Hist. Ser. IV, Vol. XII, p. 177). ^or this reason 1 have here called the genus by its lorme 
name only. 

Vishnutherium iravadicum (nov. gen. mihi.) 

Genus founded on a portion of a left mandible discovered by Mr. W. T. Blanford in Burma ; 
the specimen contains the first and second true molar teeth. The general form of the molars is 
like those of Camelopardalis , Sivatherium, and Bramatherium , and the enamel has the samo 
rugose character ; the teeth are, however, distinguished from those of either of the above genera 

by the following characters : — 

• 

Along the whole of the external surface of each molar there is a well-marked ginuated 
cingulum ; this extends half way across the posterior and anterior surfaces, where it is very 
conspicuous : it is produced into a number of efisps on tho anterior surface ; there is a prominent 
tubercle at the entrance to the main valley between the barrels : tho other characters differ but 
slightly from those of the teeth of the above genera. 

Length of two molars Ml Ml IM ••• *M ••• Ml Ml .M S 8 

Ditto of last ditto ... ... ... ... ... ... ... ... 1’45 

Breadth of ditto... ... ... ... ... ... ... ... ... ... l'O 

This genus is distinguished from Sivatherium and Bramatherium by its small size, and by the 
presence of the cingulum and tubercle ; from Camelopardalis by the presence of a cingulum, and 
by the tubercle being pointed and present in both molars, instead of being blunt and only present 
in the first molar : other minor differences will be noted when the specimen is figured and described 
fully. 


APPENDIX B. 

The following is a summary of the new forms added to the Siwalik fauna by the collections 
brought down during the presept year by Mr. Theobald, together with notices of some of the 
more remarkable and rare specimens of previously known species. 

Perhaps the most interesting of these additions is a specimen of the tympanic bone of a species 
of Cetacean ? the specimen presents some points of affinity to the corresponding bone of - Flidanista, 
and is of about the same site; it, however, presents such differences as will Its 

being planed in a distinct genus. This is the first instance of a Cetacean tone having been 
obtained from the Siwafifes, though Faleoner conjectured that tfcejr Would 5 ^ ^ ^Elneove^rdd 

5Pwb genera* 'though 'previously' known in other tertiary beds of ; India, 'm^w ‘Ween . for the 

first t$ttma<i4?A to trde Siwalik fauna s these are Lutriodon ax^<id^ ‘ ^ t 

Of the genu# Bos and allied forms, four new species have; the ’Siwalik fapfa* ^ 

description* of these will shortly be published in the "Ifalswmtefa^ 
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Rhinoceros : a new species of this genus, founded on upper molar teeth, has also been obtained. 

* Tetraconodon magnum, hitherto known by the drawing only of the Dadupur specimen, is 
represented by the jaw noticed above* 

Lutra s a portion of a lower jaw, which seems to be larger than Lutra palceindica, and may 
perhaps be distinct. 

Bramatherium . — Of this genus we have obtained a very perfect cranium, not yet cleaned 
from its matrix ; the teeth are complete, and the cranium seems only lacking the horn-cores to be 
also complete : this is, I believe, the first perfect cranium discovered. 

Dorcatherium sp. — A number of molar teeth and jaws ; the upper molars indicate the existence 
of two species. f 


Camelopardalis simlensis . — Part of a lower jaw, and two upper molars. 

4 9 

Merycopotamus simlensis . — Several portions of lower jaws, and an astragalus. 

Ursitaxus simlensis . — The first true molar, and the last prcmolar from the maxilla of each 
side ; these teeth are valuable additions to our collection, as the genus has been hitherto known only 
by Falconer’s two specimens : the one a cranium, and the other a fragment of a lower jaw. 

Hycena sivalensis . — Several fragments of lower jaws. 

Felis sp,— One lower camassial tooth. 

Ursus n. sp. cranium. 

• 

In addition to the Mammalian specimens, I have also to notice the discovery of a very perfect 
cervical vertebra of a bird belonging to the order Orallatores. Falconer also had one or more 
specimens of bird-bones, which he referred to the same order ; and it is not improbable that our 
pew specimen may be closely allied to Falconer’s. Falconer considered that his specimens belonged 
to a bird which must have exceeded in size the gigantic Bengal adjutant Leptoptilus argala . 

Remains of Ophidians have not hitherto been recorded from the Tertiary Faunse of India ; 
it is therefore interesting to have to notice their discovery from two localities in the present year. 
Mr. Theobald has brought four dorsal vertebra of a species of snake allied to, but smaller than, 
the Indian Python from the Siwaliks of the Potwar district ; while Mr. Fedden has collected two 
very similar vertebra from the Siwaliks of Sind. 

1 shall hope on a future occasion to give descriptions and figures of the more remarkable of 
these novelties. 


Note on Camelopardalis from the Siwaliks. In looking over the collection of ruminant teeth 
from the Siwaliks in the Indian Museum, the great rarity of the teeth of this genus struck me 
as being very remarkable, especially as Falconer had determined two species, vis*, Camelopardalis 
affinis and Camelopar dalis sivalensis . The former of these species was founded upon molars closely 
resembling those of the living African Bpecies, while the latter was founded upon a cervicul 
vertebra. (The specimens are figured in the “ Palaeontological Memoirs,” Vol. I, p. 198.) 

It then occurred to me to consider why separate species had been made from these two series 
of remains, which on primd facie grounds it would have seemed natural to refer to one species. 
I then found that in the catalogue of the Fossil Mammalia of the Asiatic Society of Bengal, there 
certain teeth which had been entered by Dr. Falconer as the lower molars of the second 
| of Camelopardalis ,{C. tiwlepsis). These teeth are numbered in the collection ^atud 
tug these specimens I was greatly surprized to find that they belonged p or 
and not to CtmeUpmbdis at ail. (The teeth are much narrower in proportion 
than in Camclopordalw / they have a long slender accetsory lpbe befcureeh the tfocy- 
ie* to the summit of the crowp, whereas in 3* * 

jits* hate G( the c^^ outer trails c|f' placed 

"Og ares* of the teeth, instead of very obliquely, aiin i£T “ - ‘ 



These 
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teeth have a somewhat rugose enamel, and I can only suppose that in a hasty examination Dr. 
Falconer, who says that at the time of cataloguing them he had no means of making a comparison 
at hand, was led away by this character into placing them under the bead of Camelopardalis* 

No teeth have therefore been found which are referable to Camelopardalis sivalensis ; on turn- 
ing to Dr. Falconer’s remarks upon the genus, it is stated that the teeth figured in the w Palaeonto- 
logical Memoirs ” were assigned to a second species, because they were of too large a size to have 
belonged to an animal possessing cervical vertebras of the size of those of the original Camelopar- 
dalis sivalensis . 

On turning to the measurements of the vertebra of the latter spccieB (“ Palaeontological Me- 
moirs, ” Vol. I, p. 201), I find that the specimen was described as bci^g one-third shorter than 
the corresponding vertebra of the living species ; but on looking at the relative dimensions of the 
centre of the vertebra of the two species, 1 find very small differences between them ; indeed, some 
of the diameters of the vertebra of C. sivalensis are actually larger than those of C. giraffa. 


The following measurements are taken from Falconer’s table 



C. sivalensis. 

C. giraffa. 

Vertical diameter of anterior articulating surface of centrum 

19 

1*66 

Transverse ditto ditto 

1*4 

1-6 

Length of post-zygapophysis 

1-6 

1*2 

Width of disc. 

10 

0*8 

Length of pre-zygapophysis 

r » 

0-85 

Vertical diameter of posterior articulating cup of oentrum 

20 

2-a 


From the above measurements it will be seen that the anterior articulating ball of the centrum 
has an area nearly equal in the two species ; the diameter of the posterior cup of the vertebra 
of the recent species is rather the larger of the two, but this is caused by a less development of the 
rim in the fossil specimen. Both of the zygapophyses present a considerably lar ger area in the fossil 
than in the recent specimen ; and since their surfaces are the main aids in conn ecting the different 
vertebra, it is clear that the neck of the fossil species was at the least equally strong with that of 
the living species, and was therefore capable of supporting a head and teeth as large as those of the 
latter. 

Moreover, from its shortness and consequent absence of the great leverage which occurs in the 
living species, the neck of the fossil species might well bear even a still larger head and teeth than 
those of the living species. 

From the above arguments I am perfectly convinced that Falconer’s second species — Camelo- 
pardalis affinis — founded upon the teeth alone, should be abolished, and both teeth and vertebra 
assigned to Camelopardalis sivalensis . 

Camelopardalis sivalensis , according to this view, was an animal furnished with molar teeth 
(and probably with a cranium) of the same size as those of the living Camelopardalis giraffa ; its 
neck, however, was one-third shorter than that of the latter ; it probably took its origin from some 
short-necked form allied to Sivatheriwn ; while the long neck of the recent species is, as we should 
naturally expect, a specialized character of quite modern origin. 

As according to the above view we have only one species of Siwalik giraffe, the rarity of the 
molars, though still very remarkble, is not so noticeable as if there had been two sjteeits^ 

Note on Meryeopotamas. 

M. Nanus, Ihle. This species was added to the list of Indian Fossil Mammalia by Dr, Falconer 
on the evidence of several molar teeth and one premolar from hear Attock 

0* Paleontological Memoirs," Vol. fj p. 416). > 1 v 

&atefy, on looking over the collection containing these specimens, 1 Was surprised to find that 
the molar teeth ascrib ed to this species do noAeally belong to Ityfcfl ^^ Mergcopotamus at all 
but to the genus Doroathei ium ; (on a hasty examination it would be possible to mistake the one 
or the other.) x ^ 
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The premolar tooth does, howevei, belong to Merycopotamus, and seems to be quite of the same 
forip and size as the corresponding tooth of Merycopotamus dissimilis. 

It will therefore be necessary to Aamove this new species of M&rycopotamus from the list of 
Attack fossils, as given by Fulconer, since it is founded only on the above-mentioned molars. 1 shall 
figure these teeth of Dorcatherium in a subsequent paper on Siwalik Ruminants 


P. 8 . — Since writing the above I have to add an Edentate allied to Manis, but larger, to the 
Sind fossil Fauna; the specimen Consists of a phalange of the third digit of the mauus. 


DONATIONS TO MUSEUM. 


Afbil to June 1876. 


Donors. 
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Specimen ‘ blue lias,' England 

„ * Gunnel* Coal, Wigan Co., England 

„ Coal-tar, pitch 

„ patent fuel, made at the Oriental Gas 

Works, Calcutta. 

„ Limestone fiom Neemuch 

Series of fossils from England 

Fossils and rocks from Tibet on the northern road 
from Laddk to Lhasa, obtained by one of the 
■ Pundits. 


J. Blackburn, Esq., m.i ,cr.K., Manager, 
Oiiental Gas Works, Calcutta. 
Ditto ditto. 

Ditto ditto. 

Ditto ditto. 

Colonel Crommelin, b.e. 

R. Lydekker, Esq., Geological Survey 
of India. 

Captain Trotter, B.B., Great Trigono- 
metrical Survey. 
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(1874), 4to., London. 

Bbubh, Geobge J. — Manual of Determinative Mineralogy, (1875), 8vo., New York. 
Catalogue of the Hunterian Collection in the Museum of the Rpyal College of Surgeons in 
London, Pt. I, (1830), to Y, (1831),* 4to., London. 

Dana, James D.— The Geological Story briefly told, (1876), 8vo., New York. 

Dawson, J. W.— Life's dawn on earth, (1876), 8vo., London* 

Descriptive and illustrated catalogue of Comparative Anatomy contained in the Museum of 
the Royal College of Suxgeons, Vok 1 (1883), to V, (IWO)* 4to., 
London* 

F.^The Jummoo and K$shmMmttorie$, (1876), 8vo„ London* 

StaifHABo.’^-Geneta Fla ntwua secundum ordines naturales dSeposita* Nos. I 
, , M (1886), to XIX (1 m), and Supplement 1-* and A pt A (1842- 

i ft 4t)> 8vo., Vienna. 

n a —Synopsis Cdniferarum fossilium, (1847), 8vo„ SangalU, 
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Ettingshausen, Pbof. E. von.— Beitriige zuv keantuiss der FLachen-Skelete *£vt 
Farnkrauter, Th. I und II, (\862 — 1864), 4to., Vienna. 

F os tee, M., and Balfour, F. M, — The Elements of Embryology, (1874), 8vo., London. 

« E. Lydekkeb. 


Hanley, Sylvanus, and Theobald, W M.-^-Conchologia Indica, Pt. VIII, (1876), 4to, 
London. 

Heath, C. — Practical Anatomy, (I860), 8vo., London. 

E. Lydekkeb. 


Hebmann, D. L. — Elements of Human Physiology, (1876), 8vo., London. 

Huxley, T. H., and Mabtin, H. N. — A course of practical instruction in Elementary 
* Biology, (1875), 8vo., London. 

Kubz, S. — Preliminary Eeport on the Forest and other Vegetation of Pegu, (1876), flsc., 
Calcutta. 


The Authob. 


Manual of the Natural History, Geology and Physics of Greenland, Ac., for the Arctic 
Expedition, (1875), 8vo., London. 

Meek, Conbad.— Excavations at the Kessler! ock near Thayn gen, Switzerland, (1876), 8voi. 
London. 

Meunieb, VfcTOB. — Les Ancetres d’Adam, histoire deThomme fossile, (1875), 8vo., Paris. 
Mitchell, John. — A Manual of Practical Assaying, 4th Edit., (1873), 8vo., London. 

Eeport on the Progress and Condition of the Eoyal Gardens at Kew during 1874, (1874), 


8vo., Kew. 


The DibectoS, Kew Gardens. 


Sandbergeb, Db. C. L. F.— Die Land und Siisswasser-Conchylien der Vorwelt (Schlussheft), 
(1870 — 75), 4to, Wiesbaden. 

Sabgeaunt, Capt. E. A.— Notes on the climate of the Earth, past and present, (1875), 8vo. 
London. 


Schafhault, Db. — Gcognostische Untersuchungen des Siidhayerischen Alpengebirges, 
(1851), 8vo., Munich. 

Scbope, G. P.— Volcanos, (1872), 8vo., London. 

Suess, Eduabd. — Die Entstebung der Alpen, (1875), 8vo., Vienna. 

Teall, J, J. H. — The Potton and Wicken Phosphatic Deposits, (1875), 8vo., Cambridge, 
Wabben, G. K. — Au essay concerning important physical features exhibited in the valley 
of the Minnesota Eiver, and upon their signification, (1874), 8vo^ 
Washington. 


, The Author. 

Wilson, Andrew.— The Abode of Snow, (1876), 8vo., London. 

PERIODICALS}, SERIALS, Ac. i. V 

American Journal of Science and Arts, 3rd Series, Vol. XI, 8vo., 

' - , - ; ■ New Haven- . . 

j. . J . v •. *• .. 

Annates des Mines, 7$b Series, Vol. ' 

. >■' .-.V • • ‘ 


A»8al» *»a M*^*iae of Bata*} few*, , T ,„ 

\ ' ' ' 8to., London. •*. ■ , . V^-C* 

Arobiv f4rN»tegewhi<*te> Vfll XLII, Mt 1. (1876), l 


89—101, (1876), 
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Bibliothfcque Universelle et Revue Suisse, Vol. LIV, Nos. 216 — 220, (1876), 8vo., Lausanne. 
Bibliothfcque Universelle et Revue Suisse, Archives des Sciences Physiques et Naturelles, 
Yol. ^IV, Nos. 216—219, (1876), 8vo., Geneva. 

Geographical Magazine, Vol. Ill, Nos. 3— *6, (1876), 8vo., London. 

Geological Magazine, New Series, Decade II, Vol III, Nos. 3 — 5, (1876), 8vo., London. 
Geological Record for 1874, (1875), 8vo., London 

Journal de Conchyliologie, 3rd Series, Vol. XVI, No. 1, (1876,) 8vo., Paris. 

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science, 5th Series, 
Vol, I, Nos. 3—5, (1876), 8vo., London. 

Mabtini und Chemnitz.— Conchylien Cabinet, Lief. 243-246, (1876), 4to., Niirnberg. « 
Monthly Reports of the Department of Agriculture for 1874, (1875), 8vo., Washington. 

Depabtment, Agbicultube, U. S. A. 
Nature, Vol. XIII, Nos. 332—344, (1876), 4to., London. 

Neues Jahrbuch fur Mineralogie, Geologie und Pal seontologie, Jahrg,. 1876, heft 2 — 3, 
(1876), 8vo., Stuttgart. 

Palseontographica,"Bd. XXI, lief. 7, 8, XXIII, lief. 7, 8, (1876-76), 4to., Cassel. 

Petebmann, Db. A.— Geographische Mittheil ungen, Bd. XXII, Nos. 2 — \ (1876), 4to., 
Gotha. 

„ „ A. — Geographische Mittheilungen, Supplement No. XI V, (1870), 4to., 

Gotha. 

Foggendorff, J. C. — Annalen der Physik und Cliemie, Band 157, Nos. 1 — 4, (1876), 8vo., 
Liepzig. 

Professional Papers on Indian Engineeiing, 2nd Series, Vol V, No. 20, (1876), 8ro., Roorkee. 

Thomason College of Civil Engineering. 
Quarterly Journal of Microscopical Science, New Series, No. 62, (1870), 8vo., London. 
Quarterly Journal of Science, Nos. XLIX to L, (1876), 8vo., London. 

The Athenffium, Nos. 2524 — 2536, (1876), 4to., London 

The Colliery Guardian, Vol. XXXI, Nos. 793—804, (1870), fol., London. 

The Mining Journal with Supplement, Vol. XLVI, Nos. 2115—2127 (1876), fol., London. 


GOVERNMENT SELECTIONS, &c. 


Hyderabad. — Administration Report of the Resident at Hyderabad for the year 1874-75, 
(1876), 8vo., Hyderabad. 


The Resident. 


„ Report on the Survey and Settlement Operations in the Hyderabad Assigned 
Districts for the year ending 31st October 1875 (1876), 4to., 
Hyderabad. 

Ditto. 

""••‘General Report on the Revenue Survey Operations of the Upper and Lower Circles 
for 1874-75, #(1876), fisc., Calcutta. 

» The Survey- 

pAk Officers in the Survey Departments on the 1st April 1876, (1876), flee , 
Calcutta, 


Deft. Revenue, Agbicultube and Comcmbbcb. 
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India. — Synopsis of the Results of the Operations of the Great Trigonometrical Survey of 
India, Vol. VI, (1875), 4to., pehra Doon. 

The Subvey, 

„ Walkeb, Col. J. T. — General .Report on the Operations of the Great Trigono- 
metrical Survey of India during 1874-75, (1876), 0so., Dehra 
Doon. 

The Subvby. 

Mysobe. — Report on Public Instruction in Mysore for 1874-75, (1876), 8vo., Bangalore. 

Chief Commissioneb of Mysobe. 

„ Report on the Administration of Mysore for 1874-75, (1876), 8vo., Bangalore. 

Ditto. 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES. 

Albany. — Colvin, V. — Report on the Topographical Survey of the Adirondack Wilderness 
of New York for 1873, (1874), 8vo., Albany. 

V. Colvin, Esq. 

„ First Annual Report of the Commissioners of State Parks of the State of New 
• York, (1874), 8vo., Albany. 

Ditto. 

Belfast. — Proceedings of the Belfast Natural History and Philosophical Society for 
1874-75, (1875), 8vo. f Belfast. 

The Society. 

Berlin. — Monatsbericht der konig. Preuss. Akademie der Wissenschaften zu Berlin, Decem- 
ber 1875, January, February, 1876, (1875-76), 8vo., Berlin. 

The Academy. 

„ Zeitschrift der Deutschen Geologischen Gesellschaft, Band XXVII, heft 3-4, (1875), 
8vo., Berlin. 

The Society. 

Bombay. — Journal of the Bombay Branch of the Royal Asiatic Society, Vol. XI, No. 32. 
(1876), 8vo., Bombay. 

The Society. 

Boston.— Annual Report of the Trustees of the Museum of Comparative Zoology at 
Harvard College in Cambridge for 1874, (1875), 8vo., Boston. 

• Museum of Comfabative Zoology. 

„ Jeffries, Wyman.— Memorial Meeting of the Boston Society of Natural History, 
Oct* 7th, (1874), 8vo., Boston* 

T»b Society* 

„ Memoirs of the Boston Society of Natural History, Vol. II, pt* 111, Nos* 3 — 5, 
and Vol* II, pt* IV, No. 1, (1874*75), 4to* Boston* 

Ditto. 

w Proceedings of the Boston Society of Natural History* Vol. XVI, pts. 3-4, and 
Vol. XVII, ptt. I & 8, (1874-75), 8vo, Boston. 


Ditto. 
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Boston.*— Proceedings of the American Academy of Arts and Sciences, Yol. VI, pp. 

237 — 696, YII, VIII, pp. 1 — 136, and New Series, Vol. II, 
(1866 — 76), 8 vo., Boston. 

The Academy. 


The Complete Works of Count Rumford, Vol. IV, (1876), 8vo., Boston. 

Ditto. 


Buda, Pesth. — Mittheilungen aus dem Jahrbuche der kon.— TJngarischen Geologisclien, 
Anstalt, Band IV, heft 2 — 3, (1876), 8vo., Buda Pesth. 

The Institute, Hungary. 


Buenos Ayres. — Anales del Museo Publico do BuenoB Ayres, Vol. II, pt. 12, (1870*74) 
4to., Buenos Ayres. 

Buffalo. — Bulletin of tho Buffalo Society of Natural Sciences, Vol. II, No. 4, and Vol. Ill, 
No. 1, (1876), 8vo., Buffalo. 


The Society, 


Calcutta. — Journal of the Agricultural and Horticultural Society of India, New Series, 
Vol. IV, pt. I, (1873), 8vo., Calcutta. 

4he Society 
« 

„ Journal of the Asiatic Society of Bengal, New Seiies, Vol. XLIV, pt. II, No. 3, 
and XLV, pt. I, No 1, (1875-76), 8vo , Calcutta. 

The Society. 


Proceedings of the Asiatic Society of Bengal, Nos. 3-6 (1876), 8vo., Calcutta. 

Ditto. 


Cambridge, Mass. — Illustrated Catalogue of the Museum of Comparative Zoology at Harvard 
College, No. VIII. Zoological results of the Hassler Expedition, 
(1876), 4to., Cambridge. 

Museum of Comparative Zoology. 


Copenhagen. — Memoire de 1' Acaddmie Royale ae Copenhagen, 6th Series, Vol.X, Nos. 7-9, 
Vol. XI, No. 1, and Vol. XII, No. 1 (1876), 4to., Copenhagen. 

The AciDBMY, 


*9 


Oversigt over det kong. danske Videnskabernei Selskabs, 1874, No. 3, and 
1876, No, 1, (1874*76), 8vo., Copenhagen. 


Ditto. 


Dresden.-— Nova Acta Academi® Cmsare® Leopoldino Caaolin® Germanic® Natures 
Curiosorum, Band XXXVII, (1876), 4to., Dresden. 

The Academy. 


Leopoldina, heft X (1874), 4to., Dresden. 


Ditto. 


» Sitzungsberiohte der Natumsseuschaftlichen (?e$ellsohaft Isis la Dresden, Jahrg. 
1879, Svjy to December (1876), 8vo., Dresden. 
k } 1 The Society. 

(he Royal Dublin Society, m Vli> No. 1, (1876), Qro„ Dublin. 

The Society. 
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Edinburgh. — P roceedings of the Royal Society of Edinburgh, Vol. VIII, No. 90, (1874-/5), 
8vo,, Edinburgh. 

The Society. 

„ Transactions of the Royal Society of Edinburgh, Vol. XXVII, pt. 3, (1874-75), 

4to., Edinburgh. 

Ditto. 

Transactions of the Royal Scottish Society of Arts, Vol. IX, pt. 3, (1875) 
8vo. f Edinburgh. 

The Society. 

Fbankfost. — Abhandlungen von der Senckenbergischcn Naturforschenden Gesellschaft, 

* Band IX, heft 4, Q875), 4to., Frankfort. 

Gottingen. — A bhandlungen der koniglichen Gesellschaft der Wissenschaften zu Gottingen, 
Vol. XIX, (1874), 4to., Gottingen. 

The Society. 

„ Nachrichten von der k. Gesellschaft der Wissenschaften aus dem Jalire, 1874, 

(1874), 8vo., Gottingen. 

Ditto. 

.Jefferson City. — Bbo adhe ad, G. C.— Report of the Geological Survey of the State of 
Missouri for 1873-74, with Atlas, (1874), 8vo., Jefferson City. 

The Survey. 

Konigsberg. — Beitrage zur Naturkunde Preussens, Vol. I, (1868), to Vol. Ill, (1874), 4to., 
Konigsberg. 

The Society, Koniosbebg. 

„ Schriften der Physikalisch-Okonomischen Gesellschaft zu Konigsberg, Jahrg. 

I, Abth. 2, II, and IV — XV, (1861 — 1874), 4to., Konigsberg. 

Tnn Society. 

Lausanne. — Bulletin de la Societe Vaudoise des Sciences Naturelles, 2nd Series, Vol. XIV, 
No. 75, (1876), 8vo., Lausanne. 

The Society. 

London.— Journal of the Anthropological Institute of Great Britain and Ireland, Vol. V, 
Nos. 2—4, (1875-76), 8vo., London. 

„ Journal of the Chemical Society, Vol. XXVIII, December (1875), and XXIX, 
February (1876), 8vo., London. 

The Society. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland, New Senes, 
Vol. VIII, pt. 1, (1875), 8vo., Loudon. 

The Society. 

, Proceedings of the Royal Society of London, VoL XXIV, Nos. 164— 1€7, (1875), 
8vo., London. 

Hmn Society. 

», Proceedings of the Royal Geographical Society of Loudon, VoL XX Nos. 1—3, 
(1876), 8vo. f London. * V ^ 

; t WHE Societyv 

„ Shabp, R. B.— Catalogue of th^BiwU in the Britifth Museum, Vol. If, <1875)/ 
8yo , London, . ' * 

BnmsH Museum. 
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M 4NCHesteb.— Transactions of t^e Manchester Geological Society, Vol. XIV, pt. 2, (1876), 
8 vo., Manchester. 

The Society. 

Melbourne.— Keports of the Mining Surveyors and Registrars for quarters ending 30th 
September and 31st December 1875, (1875), Use., Melbourne. 

Govt. Mining Department, Victoria, 

Milan. — Memorie dell* I. R. Istituto Lombardo, Vol. I, (1843), to XII, (1873), 4to.. Milan. 

Moscow. — Bulletin de la Soctet5 Imperials des Naturalistes de Moscou, Vol. XL1X, No 2, 
(1875), 8vo , Moscow. 

The Society . 

Munich. — Abhandlungen der math. phys. classe der K B Alcad der Wissenschat'ten zu, 
Muuchen, Band XII, Abth. I, (1875), 4to„ Munich. 

The Acadkm*. 

„ Almanach der K. B. Akaderaie der Wissenschaften fur das Jahr., 1875, (1875), 
8vo., Munich. 

Ditto. 

„ Buchner, Db. L. A. — Ueber die Beziehungen der Chemie zur Rechtspflege, 
(1875), 4to., Munich. , 

Ditto. 

„ Sitzungsberichte der math. phys. classe der K. B. Akad. der Wissentschuften, 
zu Munchen, 1874, heft 3, and 1875, belt land 2, 8vo., Munich. 

Diito. 


Paris. — Bulletin de la Soci6t6 Geologique de Fiance, 3rd Series, Vol. II, pp. 689—734, Vol. 

Ill, No. 8, and IV, No. 1, (1874-75), 8vo., Paris. 

The SociRn. 

New Zealand. — Hector, James. — Tenth Annual Report of the Colonial Museum and 
Laboratory for 1874-75, (1875), 8vo„ New Zealand. 

Gbol. Survey of New Ze*la*«d. 

Paris. — Bulletin de la SociStd Geologique de France, 3rd Series, Vol. II, pp. (589 — 731, 
Vol. Ill, No. 8, and IV, No. 1, (1874-75), 8vo., Paris. 

The Society. 


Philadelphia.— Journal of the Franklin Institute, 3rd Series Vol. LXXI, Nos. 3 — 5, with 
Supplement for February, (3876), 8vo. and 4to., Philadelphia. 

The Institute. 

* 

„ Proceedings of the American Philosophical Society, Vol. XIV, Nos. 93 & 94, 
(1874-1875)* 8vo., Philadelphia. 

The Society. 

„ Transactions of the American Philosophical Society, New Series, Vol. XV, 
pt. % (1875), 4to., Philadelphia, 

Ditto. 


R. Comitate G$olo$ioo d' Italia, Nos. 1—4, (1876), Bvo,, Borne. 
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■ ■Bulletin of the tmx Initiate. Vol. VI, (1874), 8 to., Salem. 


Tab Ikstitctb. 
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Sr. Petersburg. — Bulletin de l’Acodemie Imperiale des Sciences de St. Petersbodrg, 


Vol. XIII, No. 3, (1868), 4to,, St. Petersbourg. 


The Academy. 


„ Memoires de l’Academie Imperials des Sciences de St. Petersbourg, 

7th Series, Vol. 1, (1859) to XXII, pts. 1—7, (1874), 4to., St. 
Petersbourg. 

Stockholm. — Bihang till kongl. Svenska Vetenskaps— Academiens Handlingar, Band I & II, 
(1872—1875), 8vo., Stockholm. 

The Academy. 


• „ Kongliga Svenska Vetenskaps— Academiens Handlingar, Band IX, X, and 

XII, (1870— 1873), 4to., Stockholm. 

Ditto. 

„ Lefnadsteckningar ofver kongl. Svenska Vetenskaps— Academiens, Band I 
heft 2, (1873), 8vo., Stockholm- 

Ditto. 

„ Mcteorologiska Iakttagelser i Sverige, Band XII — XIV, (1870 — 1872), 4to., 
o Stockholm. 

Ditto. 

„ Ofvcisigt af kongl. Vetenskaps — Akademiens Forliandlingar, Vol. XXVIII, 
(1871) to XXXI, (1871), 8vo., Stockholm. 

Ditto. 

Toronto. — Canadian Journal of Science, Literature and History, New Series, Vol. XIV 9 
No. 6, (1875), 8vo., Toronto. 

Canadian Institute. 


V knick. Memorie dell* I. R. Istituto Veneto, Vol. VI, pt. 2, (1857), and XII, pt. 3, (1866) to 
XVII, 3, (1873), 4to., Venice. 


Vienna. — Abhandlungen der k. k. GoMogischen Reichsanstalt, Band VI, heft 2, and VII, 
heft 3, (1875), 4to., Vienna. 


The Institute. 


»» 


it 


V 


»» 


Jahrbuch der k. k. Geologischen Reichsanstalt, Band XXV, Nos. 3 & 4, 
(1875—1876), 8vo., Vienna. 


Ditto. 


Verhandlungen 


ie r k. k. Geologischen Reichsanstalt, Nos. 11—18, (1875), 
8vo., Vienna. 

Ditto. 


Denkschriflen der k. Akad. der Wissensch&ften, Band XXXI V, 4to., Vienna. 

The Academy. 


Sitzungsberichte der k. Akad der Wissenscbafben , BcL LXX, 4Mbr I* h©ft 3—5, 
Abth. II, heft 3—5, Abth. III, heft ; Band LXXI, 
Abth. I, heft 1-5, Abth. II, haft Abth. Ill, heft 1-5, 
(1875), 8vo„ Vienna. v * 

Ditto. % 
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Washington. — Annual Report of the Board of Regents of the Smithsonian Institute for 
1873 -1874, (1874—1875), 8vo., Washington. 

The Institute. 

„ Cope, E. D.— Report of the United States Geological Survey of the 

Territories, Vol. II: The Vertebrata of the Cretaceous Formations 
of the West, (1875), 4to., Washington. 

F. V. Hayden, Esq. 

„ Elliot, Coues.— U. S. G. S.~ Miscellaneous Publications No. 3. Birds of 

the North-West, (1874), 8vo., Washington. 

Ditto. * 


Hayden, F. V.— Annual Report of the United States Geological and 
Geographical Survey of the Territories, (1874), 8vo., Washington. 

Ditto. 


Exploration of the Colorado River of the West and its tributaries explored 
in 1869— 1872, (1875), 4to., Washington. 

Smithsonian Institute. 


Powell, J. W. — Report of the explorations in 1873 of the Colorado of 
the West and its tributaries, (1874), 8vo., Washington. 

Ditto. 


Yobk. — Annual Report of the Council of the Yorkshire Philosophical Society for 1874, 
(1875), 8vo., York. 


The Society. 


Communications to the monthly meetings of the Yorkshire Philosophical Society, 
(1873), 8vo t, York. 


Ditto. 


MAPS. 


Bbadley, F. H.— Geological Chart of the United States, (1876), Washington. 

F. H, Bbadley, Esq. 

Ramsay. — Orographical Map of the British Isles (1876), London. 

Geological Subvby Office, 

todJutyim, S 




GEOLOGICAL SURVEY OF INDIA. 


Part 1.] 


1876 . 


[ February. 


Annual Report of the Geological Subvey of India and of the Geological Museum, 
Calcutta, fob the yeab 1875. 

The close of another year brings with it the duty of reporting briefly the progress made 
during the past twelve months. As must almost necessarily be the case in such a department 
as* the Geological Survey of India, the full number of the officers in the establishment has 
never actually been at work during the year; while even of those present and actively 
engaged, some have had their time almost fully occupied with subjects, not immediately 
forming a part of the Survey operations, although intimately connected with them. 


In this way, Mr. W. T. Blanford was very fully occupied in the examination and 
description of the zoological collections collected in Yarkand by the late Dr. Stoliczka, 
and in arranging for publication the geological notes of the same trip. Mr. F. R. Mallet 
was absent on three months' leave, Mr. Hacket was absent on furlough till within a couple 
of months of the close of the year, and Dr. W. Waagen, who had only returned from Europe 
at the beginning of the season, was obliged again to leave India, and, to our great regret, and 
the very serious loss of the Survey, felt compelled to resign all hopes of returning: 



Mr. Medlicott's labours in the earlier part of the year were confined to the coal-fields 

* in the Satpura hills. Pull notes of his researches have been already published, so that it is 

* unnecessary to enter into any detail here. One important fact may he noticed. Towards the 
close of the season, Mr. Medlicott was fortunate enough to notice the occurrence of rooks, , 
which he considers as undoubtedly representative of the upper part of the series aOcompany^j 
ing the coal-bearing rocks elsewhere, at a point much further to the west than these 
known previously to .occur. * And he justly bases on the occurrence of 
mendation for further detailed search in the district, and suggests the ; 
vast importance of a supply of coal in that neighbourhood, of. bonpgs to 
any such deposits. It would be essential that such 
% very considerable depth, before any definite reply 
cpuld be obtained. And in estimating the value of 
member, as Mr. Medlicott himself remarks, that 
it is impossible to make, even a probable guess, as to, 
thoy a?e likely ^ lie, ** 8*000 is as 

PnlesS eo4, (^odld be found in 
ai todip,&o. 
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of such difficulty, danger and cost in this country, that it certainly would not pay for many 
3 g 6 ars to come, if ever, while even on general considerations, some of whioh have been 
partially explained before now, end have been confirmed by everything since noticed, I 
am not at all sanguine that any favorable deposits of coal will ever be found in the area 
indicated. 


The geological facts noticed by Mr. Medlicott are of the highest interest as regards 
the structure of { the vallej of the Nerbada, and his suggestions must not be lost sight of in 
future investigations. 

Up to date, no very definite results have been obtained by the borings now in progress 
at Toondnee and Khappa, but neither has any proof been obtained that the rods have reached 
beds below the coal-bearing rocks. 


Mr. Medlicott, at the close of the season in the early part of the year, took advantage 
of an invitation to visit Kliatmaudu in Nepal, and a very interesting and suggestive notice 
of this visit is given by Mr. Medlicott in the Records of the Geological Survey of India 
for November last. It must always be a source of great regret that the movements of 
Europeans are so jealously watched in Nepal, that it is impossible to do more than pay a 
hurried visit to the localities immediately round the capital, or the places actually on or 
adjoining the road there and back. Mr. Medlicott saw, perhaps, everything that he could 
have seen, that is, that he would have been permitted to see, but this was barely sufficient to 
suggest a few possibilities as to the structure of the adjoining country, the correctness or 
incorrectness of which could not be established by further research. The continuity of the zone 
of newer rocks which fringes the Himalayan range to the north-west has been established, 
and the occurrence of the newer tertiary groups also proved. 


At the commencement of the present working season, M r. Medlicott, in conjunction with 
Mr. Theobald and Mr. Lydekker, commenced a revision of the tertiary rocks of the North- 
West and Punjab. The very important fact of a marked stratigraphical separation of two 
distinct groups of rocks in the Nahun country, which had previously been all considered as a 
continuous series of beds, was first noticed by Mr. Medlicott himself. The locality where this 
marked unconformity was noticed unfortunately did not yield any fossils from the lower group 
of the rocks, so that the very important question as to whether this marked separation of the 
rocks physically was accompanied by any distinction in their organic contents was still un- 
decided* To determine this, it became necessary to trace the same two groups further to the 
north-west, and to collect the fossils from each group separately. In doing this, it * 
became evident that the .very marked unconformity noticed in the Markunda river did not 
continue; to the north-west* And the separation of the groups must obviously be based on 
Apparent distinctness in the fossils also on more careful examination 
V nearly so. It became, therefore, of ‘the last importance that the 
should he more carefully investigated, and their relations one to 
ivith this object in View, I requested Mr. Medlicott* to go care- 
giving him the aid of Mr. Theobald, who knew the 
already brought together a very valuable collection 
4 ekk Ofc, ^0 had: been rfitiie 
. exatnihatioh; qf ''the fossils, ^on/which kfhad , 
identiy > jjjfcal Word the season closes, tile 
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than once intended to take np the examination of that province. In 1869, arrangements 
were made for doing so, but other and more pressing demands caused this to be laid aside. 
Again in 1 871, the same thing occurred, to our great jrcgret. The sections in Sind were 
known to be unusually clear and well exposed ; many of tho rocks were richly fossiliferous, 
and while a very large number of species had been already collected and described, it had 
become evident that they had been erroneously referred all to the same series. It was also 
highly probable, if not certain, that we should in Sind find a connecting link between the 
tertiaries of Cutch and of the Sub-Himalayas. It was therefore with great satisfaction that 
we were able at last to depute Mr. Blanford, with the aid of M r. F e d d e n, to take up 
Sind in 1874. Before the close of the working season of 1874*76, they had completed a 
fair sketoh of tho geology of tho province, and have again this year resumed their labours 
there, Mr. Blanford also purposing to accomplish a traverse of tho desert to Jessulmir and 
Jocflipur, and so probably back again by a different route to Sind. Mr. Fedden also has 
been able to bring together a very good collection of fossils, some of them very beautifully 
preserved. 

During the summer, Mr. Blanford was, as already stated, chiefly occupied in working 
out the collections of Dr. Stoliozka from Yarkand preparatory to publication, but 
continued to superintend Mr. Fed den while he was carefully comparing the numerous 
collections brought from Sind, ho himself taking up the Ecbinoderms, while Mr. Fedden 
confined his labours to tho Mollusca. There was no time to investigate the Corals. A 
full sketch *of the geological results is given in the present number of the Records of 
tho Geological Survey of India, so that it is only necessary to mention briefly, here, 
tha^Mr. Blanford seems to have established the existence, in addition to the more 
recent and subreeent deposits, of rocks of plioccno, miocene, and eocene age, all of which 
had previously been roughly grouped into old tertiary. While in places there are still lower 
beds, the exact geological ago of which is not fixed, but which are, in part at least, probably 
cretaceous. 

M r. Fedden has worked very earnestly and intelligently, and to M r.* B 1 a n f o r d *s 
satisfaction, and by his careful study of the fossils collected last season, has acquired a 
knowledge of their forms and distribution, which will prove of very essential advantage to 
him during the present season in examining the continuation of the same rocks. 

Mr. Willson has very steadily continued his work in the Bundelcund and Rowah 
country, and has mapped in several sheets of the new topographical survey, during the 
progress of which work, some important geological facts have been established. 

Mr. Hacket only returned from leave of absence in Europe in time to take the field 
a little later in the season than usual in Rajpootana. Since then he has been actively 
engaged in Ulwar, and it is hoped that by the close of the working season, he will have 
completed a general geological sketch of that district. 

During the entire season, Mr. Hughes was engaged in finishing, the geological 
maps of the Chanda oountry, with more especial view to the coal-field* of Wardah 
valley. A report on these has since been completed, after most tytriooked tot delay, and » now 
gone to press. Mr. Hughes, during the present season, has taken Op the continuation of 
same geological area to the south, and will, it is hoped* be able to join on hi* work to that 
of Mr. King, who is extending his examination from the south np the valley of the 
Godavery. 

• 

Ur. Ball completed the examination of the IWfs»rh end co*J-field, on which 

he hod been engaged during the previous season. (ft this Midi an interesting sketoh is 
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given by Mr. Ball, and published in the Records. Daring the present working season, 
Mr. Ball has been engaged in a revision of the Talchir coal-field, and in an examination of 
the Atgurh sandstones. e 

D r. Fe istmantel, who joined the Survey at the commencement of the year, has been 
most earnest and zealous in working out the fossil plants of the several groups of rocks in 
India, and has already accumulated much valuable matter. He has commenced the prepara- 
tion of a history of the fossil flora of Kachh, which, taken in connection with the already pub- 
lished descriptions of some of the fossils from the associated beds, will prove of great inter- 
est and value. There is little doubt that the fuller and more careful investigation of the 
several floras from the successive groups of rocks will throw much light on the relation 
of the different members of what it has become a iashion to style the plant-bearing 
series. • 

In Madras Presidency, Mr. King completed the examination of the Rajahmundry 
country before leaving the field. I regret to have to report that exposure to the first burst of 
the monsoon before reaching station resulted in a very severe attack of inflammation of the 
eyes, which for some time assumed a very serious form. Fortunately this was conqueied, and 
Mr. King's Bight saved, although his recovery was tedious. Taking the field again at the 
commencement of the season he has visited the several fields near the lower valley of the 
Godavery, and closed up that part of the area, and has since proceeded northwards along the 
Godavery valley, with a view to joining Mr. Hughes, who has been carrying Out the examin- 
ation of the same valley proceeding southwards. 


Mr. Foote succeeded in mapping in a good area of the country along the boast 
in the Nellore and Ongole country, and was fortuuate also in finding somp very beautifully 
preserved and interesting fossils of Rajmahal age. And in the present season he continues 
the same work noith wards, with a view to join on to the Godavery and Rajahmundry areas. 
During the recess, Mr. Foote completed a valuable report on the Southern Mahratta Country, 
which is now fti hands preparatory to going to press. 


Fublications.—Of the Memoibs of the Geological Subvey of India, Vol. XI, 
Pt. 2, containing a detailed description of the salt-producing country in the Kohat district, 
Trans-Indus, was issued. The illustrations required for this part occupied some time, and 
the absence in Europe of the writer, Mr. Wynne, also involved some delay in reference in a 
few points. 


Of the Recobds of the Survey, the regular quarterly issue was punctually maintained, 
and the volume for the fear will be found to contain several very valuable papers on the 
geological structure of various parts of India. “ The paper on the Altum Artush, from a 
geological point of view," by the late Dr. F. Stolipzka, complpted the series of short papers 
bearing on his trip to Tarkand, which he had left ready for publication. Among other 
descriptive paper*, have a note on the geology of Nepal by M r. M edlioott, on the Kha- 
reean Hills in the Hunjl^b by Mr. Wynne, a sketch of the geology of Scindia's territories 
if Ur. Medlicott, and ^luil sketch of the Shapur coal-fields, with notices on the explora- 
BMl in progress in the Narbada Valley for coal : also an account of the Raigarb and Hingir 
by Mr. Ball, while the practical bearings of geological research are illustrated by 
i% 1 apf or d paper Oh the water-bearing strata of Surat, Mr. Hughes and Mr. 

At firs bricks, Mr, Malleton coal near Moflong, Ac. 



*a Isrmos, tie publication of the Jurassic Cephalopoda from 

The hole aeries is now completed and issued* although the 
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difficulties caused by the preparation of such a large number of plates delayed this com- 
pletion beyond the actual close of the past year. This series contains 60 plates, . of 
which six are double, and 250 pages of letter press, »with explanations of plates, &c., 
and is unquestionably one of the most valuable contributions to the fossil history 

of the Upper Jurassic Cephalopoda ever yet issued. This was all completed, though 

not printed off, when Dr. W. Waagen felt compelled to resign his connection with 
the Geological Survey of India. A great source of delay in the completion of the plates 
has arisen from the transfer of our offices to the New Museum, and the time, unavoidably 
lost, in moving and re-setting up the lithographic presses. 

Good progress has also been made in the preparation of plates for the next issue of 

the PalsBontologia Indica which will be devoted to the fossil flora of Kachh. It was 

hoped that we should have been able to continue the same detailed illustrations of the 
fossil mollusca in the other groups, as have now been published of the Cephalopoda. But 
the loss of our Palaeontologist has for the present deprived us of the means of accomplish- 
ing this. 

It will be seen that there have been issued during the year no less than 55 plates, 
equivalent, from double ones, to 61 of the regular quarto size, the annual number promised 
being only 48 (originally 24). 

Library*- During the twelve months of 1875, 881 volumes or parts of volumes have 
been added to the Library of the Geological Survey. Of this number, 437 have been received 
from Societies and other Institutions in exchange for the publications of the Survey, or as 
donations, and 444 have been purchased. Quarterly lists of these additions have been 
regularly published as usual in the Records, and a nominal lisc of Societies and Institutions 
from which presentations or exchanges have been received is appended. 

The removal of so large and valuable a series of books to the new offices of the Survey 
was a task of some risk and trouble, especially during the rains, but it was effected with 
but little injury. The greater space we have now at disposal has already admitted of a 
fuller and more detailed classificatory arrangement of the books than was previously possi- 
ble. The completion of this arrangement will, however, necessaiily occupy some time, and 
cannot be altogether satisfactorily accomplished until after the completion of the proposed 
gallery and another series of cases. 

The Library continues to be a great resource to students, who can obtain access here 
to books, many of whioh do not exist in any other collection in Calcutta, or indeed 
in India. 

Museum . — The removal of all the collections from the former offices of the Geological 
Survey to the new Museum was a task of no small trouble and labour, as well as risk. It 
could not have been expected that such a series could be moved without some injury to the 
more delicate fossils, aud to the numerous casts of unique animals which our collection 
contains, nor was this danger diminished by the fact that the greater part of the removal 
was effected during the rains. It has consequently taken some time to jreetot* all these things 
to their proper condition. With regard to the rearrangements of the full collections, inasmuch 
as no additional oases have as yet been provided for exhibition, we have keen compelled for 
the present to content ourselves with merely grouping the coUeotioni and thus rendering 
them more easily accessible for the final arrangement when oases are available. Orders have 
been given for a considerable number 'already, and & hoped that 4 some will soon 
be ready* * * 
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The want of any out-offices has also compelled us to interfere seriously with the proper 
arrangement of the Museum by necessitating the storing av^ay of tents, boxes with speci- 
mens, and other stores in the galleries of the Museum. 

The collections are all in good older and preservation. 


Calcutta, 
February 1876. 


T. OLDHAM, 

Supdt., Geological Survey of India, 

and Director qf Geological Museum. 


List of Societies and other Institutions from which publications have been received in 
donation or exchange for the Library of the Geological Survey of India during Ike 
yewr 1876. 

Batavia.— Royal Society of Batavia. 

Berlin. — German Geological Society. 

„ Prussian Academy of Sciences. 

„ Gesellschaft fur Erd Kundo. 

Bombay. — Bombay Branch of Royal Asiatic Society. 

Bonn. — Naturhistorischcs Yereins. 

Boston. —Museum of Comparative Zoology. 

„ Boston Society of Natural Hi&toiy. 

Brfblau.— Silesian Society of Natural Histoiy. 

Bbistol. — Naturalists’ Society of — 

Brussels. — Royal Academy of Sciences. 

Buffalo. — Buffalo Society of Natural Sciences. 

Calcutta. — Asiatic Society of Bengal. 

„ Agricultural and Horticultural Sociely. 

Cambridge, Mass., U. S., A. — United States Coast Survey. 

Christiania.— Royal University of Norway. 

Copenhagen.— Royal Danish Academy. 

Dijon. — Academy of Sciences, D\jon. 

Dresden. — The Isis Society, 

„ The Leopoldino Carolino Academy of Naturalists. 

„ The Royal Museum. 

Dublin.— The Royal Irish Academy. 

„ Royal Geological Society of Ireland. 

Edinburgh. — Geological Society of Edinburgh. 

„ —Royal Society of Edinburgh. 

Geneva— Physical and Natural History Society of Geneva, 

Glasgow.— Philosophical Society of Glasgow, 

„ Geological Society of Glasgow, 

Gottingen.— Royal Soci^y of Science. 

Lausanne.— Yandois Society of Natural Science, 
d Liege. — Geological Society of Belgium. 

\ I^eepool.— L iterary and Fbilosop'hic&l Society. 

, ii Geological Society. 
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. London. — East Indian Association. 

„ Royal Geographical Society. 

„ Royal Society. * 

„ Geological Society of London. 

„ Anthropological Institute. 

,; Royal Institution. 

„ British Museum. 

„ Linnsean Society. 

Manchester.— Geological Society. 

Melbourne. — Geological Survey of Victoria. 

„ Mining Department, Victoria. 

„ Royal Society of Victoria. 

Minnesota. — Academy of Science. 

„ Geological Survey of Minnesota. 

Moscow. — Imperial Society of Naturalists. 

Munich. — Bavarian Academy of Sciences. 

Neuchatel. — Society of Natural Science at Neuchatel. 

New Haven. — American Journal of Science. 

New Zealand.— Colonial Museum and Laboratory. 

„ Wellington. New Zealand Institute. 

• Pabis. — L’ administration des Mines. 

„ Geological Society of France. 

Pesth.— Royal Hungarian Geological Institute. 

Philadelphia. — Franklin Institute. 

Plymouth. — Devonshire Association. 

Rome.— G eological Commission of Italy. 

Eoorkee. — Civil Engineering College. 

Salem, Mass., U. S., A. — American Association for the advancement of Science. 

„ Essex Institute. 

, Stockholm. — Bureau de la recherche Geologique du Suede. 

St. Petersbubo. — Imperial Academy of Sciences. 

Sydney, — Royal Society of New South Wales. 

Toronto. — Canadian Institute. 

Vienna. — Imperial Academy of Sciences. 

„ K. K. Geologische Reich s-anstalt. 

„ Zoologico-Rotanical Society. 

Washington. —Smithsonian Institute. 

Yokohama.— German Naturalists’ Society. 

Zurich. — Swiss Palaeontological Society. 

„ fewiss Natural History Sooiety. 

Governments of India, Madras, North-Western Provinces, Punjab, and Bombay, Chief Com* 
missioners of British Burmah, Central Provinces, Surveyor General of India* Superintendent 
of the Great Trigonometrical Survey of India, and the Superintendent; of' the Thomason 
College, Roorkee. ^ •« * j//' . ' 
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Ok thb Geoloot or Sind. By William T. Blanfohd, a.b.s.m., f.h.s., Deputy Super . 
/ intendent , Geological Survey of India . 

Introduction , — It has been for many years past an object of the last importance in 
making out the relations of the tertiary rocks of India to examine the geology of the pro- 
vince of Sind, and, but for the pressure of other work, the* examination of that country would 
have been undertaken before. I was directed by the Superintendent of the Geological 
Survey on two previous occasions, in 1869 and 1871, to commence the survey of Sind, but 
other and more pressing work in each case interfered. During the working season 1874-75, 
a general examination of the province was made by my colleague, Mr. Fedden, and myself, 
the principal results of which are given in the following pages. The area of which a preli- 
minary survey and sketch map were made exceeds 9,000 square miles, exclusive of* the alluvial 
area. The survey is still in progress, and all recent observations tend to confirm, the 
classification proposed. 


A very large share of the work both in the field, and subsequently in the determination 
of the fossils, was done by Mr. Fedden, and the knowledge gained of the geology iB quite as 
much due to his observations as to my own. 


The importance of a thorough geological examination of Sind is due to two circum- 
stances. First, it has long been known that there is in that province a fine Beries of tertiary 
rocks abounding in fossils. Secondly , the magnificent figures and descriptions of the Indian 
nummulitic fossils by Messrs. D'Archiac and Haime in their “ Description des Animaux 
fossiles du groupe Nummulitique de Unde ” published in 1853, probably the most important 
single contribution to Indian Geology ever issued in Europe, lose half their value from the 
circumstance that the exact position in the series of the beds from which the different fossils 
described were obtained was unknown. The majority of the fossils had been procured in 
Sind, but the exact localities were not recorded. 


Physical geography , — The province of Sind consists geographically of the Indus valley 
and of the hill ranges to the west of the river, from the neighbourhood of Kashmor aud 

Jaoobabad, or the latitude of about 28° 30', to the sea. 

# 

The whole province is generally divided into Upper and Lower Sind. Upper Sind con- 
sists of a broad alluvial plain extending for many miles on both banks of the river, but 
interrupted near Sakhar (Sukkur) and Rohri by a range of limestone hills, isolated in the 
alluvium and running nearly north and south. These hills are intersected close to their 
northern extremity by the river which runs at this spot from north-east to south-west, and 
they extend about fifty miles south of it* Beyond the flat alluvial tract east of the river is 
an extensive region of sandy desert. To the west of the river the alluvial plain extends to 
the mountains which, foam the frontier of the province, and which, under the name of the 
Kturthar range,* extend from the Bolan pass to considerably south of Sehw&n. There is 
* > pne break in Mils riihf ^ that formed by the GSj river, and the gorge of the streand is 
Xi “^w*aMe i . exoqro&ere elw the xe^ge rises tohaightgwyiug from about 8,000 to 

Vv ■>. ' 

v '’ tSindth*. » confined to book of tie ri«r, 


of the oouotry la hilly. . On . 
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the east of the river there is an isolated low range of limestone hills near Hyderabad, and 
another near Tatta. The country west of the river consists partly of an undulating plaiir^ 
partly of ranges of hills formed of limestone, and havings general north and south strike. 
The highest of these ridges are met with south and south-west of Sehw&n : towards Kotri, 
Tatta and Karachi only low hills or undulating plains are found. 

Geological formations . — Within the area of Sind no rocks have as yet been detected 
containing fossils of older date than Eocene, but the lowest rocks hitherto found in the 
province are unfossiliferous, or contain only a few vegetable remains which are not well pre- 
served. Prom Dr. Cook's researches in Kelat, we know that mesozoic rocks with Ammo - 
nites are found in that direction, and at no great distance from our frontier ; whilst from 
the Khirthar range close to the Gaj river, I saw lower beds cropping out from below the 
oocenj limestone. 


The result of the researches of the past year is that the following formations, in descend- 
ing sequence, have been detected in Sind ■ 


Name of group. 

Approximate age. 

Character of rocks. 

Superficial beds, alluvium, Ac. ... 

Subrecout aud recent 

Blown sand. Alluvium of the Indus, both of the 
river plain and the delta. Slopes and deposits 
of gravel, often consolidated. 

• 

Manchhar or Se valik 

Pliocone 

(a) Massive conglomerate on the edge of the 
alluvial plain; (A) clays,’sandstones. and conglo- 
merates. usually unfossiliferous, but some- 
times containing bones. 

Odj or Supra-nummulitic 

Miocene 

Highly fossiliferous marine limestones, clays and 
sandstones, usually in thin beds ; no nummu- 
lites. 

4. Nari or Upper Nummulitio ... 

Lower miocene or upper eocene 

(a) Sandstones, very massive and of great 
thickness, sometimes variegated ; unfossilifer- 
ous, but interstratified towards the base with 
(ft) yellow and brown limestones with Nurnmu* 
litu garansensis, N. sublavigatw t, and Orfti- 
toidea papyracea, 

3. Khirthar or Lower Nummulitic 

2. j Ranikot or Infrarnumnmlitic 

1. Volcanic 

Eocene 

? Lower eocene 

P 

(a) Massive, white and grey limestones with ' 
many species of Nummulttes, Aloeolina, Ac. 

(ft) Highly fossiliferous yellow limestone with 
Opercuhna canaUfera, Ac. (local). 

(c) Green clays of Rohrl and Hyderabad, 

Shales and sandstones, in part variegated and 
richly colored, thinly bedded, containing only 
vegetable remains. 

Basalt. 


The new names proposed are all taken from well known localities in Sind. Mdnehjkcvr 
is from the Manchhar Lake, on the southern and south-western banks of wfaich the Sind 
representatives of the Sevaliks are well seen. Q&j is the name of a river whfob traverses 
the frontier range north-west of Behwfin, and exposes a superb section ojf tkt mWM ’teriaary 
deposits. The name applied t6 the Upper Nummulitics is taken! 6^ .^Klari Nai, a 
stream which drains the hills a little way south of the 0% and the of which 
lies almost entirely amongst the formations named from it ; whil^^ range, 

dividing the whole of Upper Sind from Kelat, gives its name to thegreat mass of Lower 
Nommulitic limestone, of which its higher ranges are The term pro- 

posed for the Infra-nnmmulitic group ic ; tafen from the dl, the Sind Amirs ^ 

the range north-west of Kotri. It appeal to ms Ww a WjA 
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name than* to use exclusively terms derived from European Geology, which may subsequently 
have to be abandoned, or to adopt names from other areas in India the rocks of which 
have not been distinctly correlated with those of Sind. There is, for instance, but little 
reason to doubt that the Manchhar group of Sind represents generally the Sevalik and 
Nahun beds of the Punjab ; but still there is a question as to whether it corresponds only 
to one of those groups, or whether both are represented,* 

It should not be forgotten that Messrs. D’Archiac and Haime had actually foretoldf 
from their examination of the fossils the division of the Sind Nummulitics into two groups, 
an upper division with Nummulites garansensis , and a lower with N Ramondi , N 
Leymeriei , N. granulosa , N. exponens, Alveolina ovoidea , &c., and they also correctly 
indicated the existence of a 1 third sub-division without Nummulites. But here the clue 
afforded by the Foraminifera failed them, for there are beds without nummulites sit the 
extreme base of the series, and others at the top, and it was, of course, impossible for them 
to tell from which £art of the series their fossils had been derived, except so far as the 
alliance to European forms guided them. 

Subsequently it was shown by Professor Martin Duncan (Annals and Magazine, Natural 
History, Ser. 3rd, Volume XIII, p. 295), and by Mr. Jenkins (Quarterly Journal Geological 
Society, Lond., Vol. XX, p. 45), that many the Sind fossils, and especially some corals which 
had not been described by Messrs. D’Archiac and Haime, were unmistakably of miocene age. 

The rocks of Captain Vicary's classification, J to which allusion has so Often been made 
in geological works, are the following, with their equivalents in the system now proposed : — 


Groups of Captain Vicary. Groups now proposed. 
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Volcanic Books. 

At tlie base of the section exposed at Ranikot, where the lowest beds found in the pro- 
vince are Been, and again in a similar position, as I learn Mm Mr. Fedden, north of Ranikot, 
basalt is seen. The exposure in each case occupies only a few square feet, and is very 
obscure. Nothing of importance with reference to this rock has been added during the 
past season to the observations made in 1863,* and it is still uncertain whether the basalt 
is intrusive or not, and, in the latter case, whether it belongs to the Deccan group of traps. 
Its relation to the overlying beds in the latter case is remarkably similar to what it is in 
Eachh.f 

2. Ranikot Group ob Infba-nummulitic. 

These beds have already been described in the Memoirs.J They consist of sandstones, 
shales and clays, with gypsum, and are frequently remarkable for their bright and variegated 
colors. In some places the shales are carbonaceous, and irregular deposits of lignite occur 
in them, and they frequently contain pyrites and yield alum. 

About 1,300 feet of these beds are exposed in Ranikot, between the base of the num- 
mulitic limestone and the small hummock of basalt which forms the lowest of the rocks 
seen in the section. 

The only organic remains observed in the beds themselves are vegetable, being dicotyle- 
donous leaves, stems, &c. But north of Ranikot, Mr. Fedden found some bands of cal- 
careous shale ahd limestone some distance below the base of the white Nummulitic (Khirthar) 
limestone and interstratified with sandstones and shales which may belong to the Ranikot 
group. These bands contain Cardita Beaumonti , Nautilus Forbesi , N. Labechei, and a few 
other fossils. Those above named have Cretaceous affinities. Further examination of the 
locality is desirable in order to ascertain the extent to which the two groups can be con- 
sidered as interstratified. It should be noticed that neither Cardita Beaumonti nor the 
species of Nautilus have hitherto been obtained by Mr. Fedden or myself at any higher 
horizon than the extreme base of the Khirthar group. 

The Ranikot group is but sparingly exposed in Sind. It is seen at Ranikot itself, and 
extends for some distance to the north, finally appearing on the outer scarp of the hills. It 
is also exposed within the range about four miles west of Ranikot, where it occupies a 
valley about five miles long by a mile broad, and there is a small tract composed of it* 
around Lainyan south-east of Ranikot and north-west of Kotri. Here, however, tfee ground 
is greatly concealed by surface gravels, and much of the area to the westward is occupied by 
the grey sandstones of the Manchhar (Sevalik) group, which in places so closely resemble some 
of the sandstones of Ranikot that they cannot easily be distinguished. 

* 3. Khirthab ob Lower Nummulitio Group. 

This is by far the most important and characteristic group of rooks in Sind, and all 
the higher hills of the province are composed of it. As usually developed, it consists of an 
immense thickness of massive grey and white limestone, abounding: in NummuliteS and 
other Foraminifera and unbroken by a single band of any other rock. Such is it» <ffiaracter 
from the northern frontier of Sind to Kotri, but to the southward 'i by 
Mr. Fedden that the group shows a tendency to break up into dis&i^'bedg, ^atypical 
hard limestone being interstratified with banjls of softer limestones, sandstones, and shales, 
and in adjoining areas, in Kachh and Balpohist&n, the massive white or Jjjrey limestone forms 
but a subordinate portion of the group. V * '\'v *** ' 

, l 1,1 

* Mem. Geological Survey of India, Vol. V% 
f Mem. OoologicadGi^ of &dia, VotM, 

4 Mom. Geological Survey of India; Vol. VI, 
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At the base of the Nummulitic limestone, fossiliferous beds occur in parts of the 
pvovince. These beds it appears best for the present to associate with the Khirthar group, 
although thoy may ultimately prove worthy of distinction, or it may, as above suggested, 
prove necessary to class them with the Infxa-nummulitic beds of Banikot. 

The most northern locality at which the basement beds of the Nummulitic group appear 
to be exposed in Sind is on the west side of the hills south of Rohri. Here beds of pale- 
green gypseous clays are seen, in torst ratified with a few bands of impure dark limestone and 
calcareous shale. These beds are fossiliferous, but the only species that has been recognised 
in them is Natica longispira , which appears to have a wide range in time, being found, accord- 
ing to D'Archiac, in the upper eocene beds with Nuwwnulites garansensis . Species of 
Lucina, Cardium , Leda, Pinna, Cerithium , and Rostellaria also occur. 

Similar green clay was observed by Mr. Feddon near Hyderabad, but no good sdbtion 
was found, nor were any fossils detected in it. In neither case was the base of the green 
clays seen, so that it is impossible to be certain whether they are not a band locally inter- 
calated in the limestones. The latter appears most probable at Hyderabad. 

At the base o{ the thick Nummulitic limestone in the Yero plain north-west of Kotri, 
and in similar beds on the same horizon near Jhirk (Jerruck) and Tatta, some very fossili- 
ferous yellowish-brown limestone is found, in which the following fossils have been 
identified : — * 

Foraminifera. ' 

Operculina canalifera (very abundant). Nummulites Leymeriei. 

0? Tattaensis, Carter. N. irregularis. 

Echinodermata . 

Echinolampas P sp. (one very near E. 

subsimilis). 

Eurhodia Morrisi. 

Hemiaster digonus, 

Brachiopoda. 

Terebratula sp. 

Zamellibranchia ta. 

Cardita Beanmonti. Spondylus Kouaulti. 

Gasteropoda, 

Tercbellum plicatum. 

T. subbelemnitoidoum. 

Rostellaria #ngistoma. 

R. Frestwichi. 

* R. fusoides. 

Cephalopoda, 

Nautilus subfleuriausianus. N. Labechei. 

Deluci. N. Forbesi. 

" J1I1 T“ n « * — * 

I sad Haime's names m used* Their genera often differ ftom those am- 

f and their specific determinations may, in many oases, require revision ; some of 

IWjPf WjPjjg V h^ng probably identical with wffli known living fonps. 

« Wff mentioned, ae a rule, when they hare been determined specifically. All the Echlno- 

Mm m the Usbv whether they have been identified specifically or not. 


Turritella angulata. 

T. assimilis. 

Nerita Schmedeliaua. 
Natica longispira. 
Tercbellum disto#um. 


Cidaris Halaensis P 
Porocidaris (spines). 
Temnopleurus Valenciennesi. 
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The massive Nutnmulitic limestone itself abounds in fossils, especially Foraminifera , 
but owing to the nature of the rocks and their mode of weathering, their organic contents 
usually only appear in section on the weathered, BuriSace. Corals, j Echinodermata and 
Mollusca abound, but the latter, as a rule, weather out as casts. The following are some 
of the most characteristic fossils identified 

Foraminifera . 

Orbitolites sp. Nummulites obtusa, Ramondi, Biarit- 

Orbitoides dispansus. zensis, Beaumonti, Yicaryi, exptmens, 

Patellina Cooki. granulosa, spira, and Levmeriei. 

Alveolina ovoidea and A. spheroidea. 


Echinodermata. 

Echinolampas discoideus. Eupatagus avellapa. 

E. Sindensis. Schizaster sp. 

Eurhodia Calderi. Brissopsis Sowerbyi P 

Conoclypeus pulvinatus ? B. scutiformis. 

Amblypygus sp. B. sp. 

Fibularia sp. 

Lamellibranchiata. 

Ostrea vesicularis (0. globosa, Sow.) Vulsella lcgumen. 

Pholadomya halaensis. 

Gasteropoda . 

Nerita Schmedeliana (very abundant). Ovulum Murchisoni and other species. 

# Crustacea . 

Arges Murchisoni (Galenopsis Murchi- Banina sp. 

soni). 

Amongst the above the most common and characteristic forms are Orbitoides (dispansus, 
Bow.), Nummulites of various species, Alveolina, , and Nerita Schmedeliana . Of tbe age of 
this group it is unnecessary to say anything, as it is, of course, the same as that of the Nummu- 
litic limestone of Southern Europe, vis., typically eocene. 

The thickness of the Khirthar group has not been determined, but, i£ere fully 
developed in the Khirthar range, it cannot be less than 3,000 feet, and it may be twice as 
much. To the south, however, the thickness must diminish greatly, and near Jhirk and 
Tatta it, probably, does not exceed a few hundred feet. k 


The Nummulitic limestone forms the whole higher poilion of the Khirthar range from 
the northern frontier of Sind to the termination of the jinge within the province about 
fifty miles south-by-west ef Sehw&n. It also compose&he range which under various 
names, Lakki, Eri, Daphro, Ac., runs south from Sehwp. to beyond Bula Kh&n s Thana, 
and the several ridges to the westward near the Habbjj^^TrUiernmost of which terminates 
at Cape Monze. It, moreover, occupies a considembkflp of country 'end Jhirk 

(Jerruck), and forms the isolated hills of Sakhar (Sukl^r, Bohri, H . 

4. Nam or tfrfs* NuMMutmc Oabmpw ‘ • 

The upper sub-division of the numimlitics of Sind is, where very nearly, 

if not quite, equal in thickness to the lower, but its composition At the base 

it contains a variable thickness of brown and yellow Ernestine ia Nummulites 

garansmsis, N sublmigaU, and (Mitoides Mrtiti interStri 

tided with sandstone^and shale. These beds axe in places' fi vehnndredfeet thkfc but usuall^ 


names/ Lakki, Eri, Daphro, Ac., runs south from Seh 
and the several ridges to the westward near the Habb,jj 
at Cape Monze, It, moreover, occupies a considerably! 
(Jerruck), and forms the isolated hills of Sakhar (SukHP 
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much less. All the upper portion of the group consists of massive sandstone beds, which 
ars generally quite unfossiliferous, but occasionally contain bands of clay and shale with 
fragmentary plant remains. Towards l£e base of the sandstone, beds of limestone with the 
characteristic Nummuliies are occasionally interstratified, sometimes five hundred feet, or 
even more, above the principal limestone beds at the base of the group ; thus clearly showing 
that the limestones with Nummulites garansensis, Ac., belong to the same sub-division of 
the tertiary series as the sandstones. 

In many places, especially towards the base, very ferruginous bands are interstratified 
with the sandstones ; and south of Sehw&n, on the west side of the Bhagotoro range, where 
the thickness of the whole group is much less than in the Khirthar range, the upper portion 
consists of ironstone, ferruginous sandstones, and brightly coloured clayB, purple, brown, and 
white. On the Khirthar range, however, almost the whole group, except at the base, is 
composed of massive beds of brown sandstone. Throughout the area examined, the upper 
nummulitics rest conformably upon the lower, but there is a complete break in mineral 
character, and the fossils are different, the two characteristic species of Nummulite, for 
instance, being distinct from any hitherto found in the Khirthar group. 


The whole thickness of the Nari group on the Khirthar range can scarcely bo less than 

five thousand feet. 

Jn some places the limestones at the base of the Bfari group contain a large number of 

Mollusca and Echinodermata. The following have been identified ; a large proportion are 

from Bhagotoro, south of Sohw&n : 


Nummulites garansensis. 

Foraminifera. 

Orbitoijles Fortisi * 

N. suhlsevigata. 

4 

Echinodermata . 

Cidaris Verneuili. 

Eupatagus rostratus. 

Ccclopleurus Forbesi. 

Schizaster Beloutchislaneusis. 

Echinantbus profundus P 

S. Newboldi P 

Echinolampas, sp. nov. 

Lamellibranchiata . 

CorbA harpa. 

Pecten Labadyei. 

Venus granosa. 

Ostrea flabellula. 

Cardium triforme. 

Natica patula. 

Gasteropoda. 

* T. Renevieri. 

N. sigaretina. 

Triton Davidsoni. 

N. decipiens. 

Voluta jugosa. 

Siliquaria Granti. 

V. dentata. 

Solarium affine, 2 vara. 

Cyprsea nasuta and other species. 

Trochus cumulans. 

Terehellum obtusum. 

.^hasianeUa Oweni. ’ ' " \ 

The most common forms being the Fora- 

:^imteila Deshayesi. v ; . , 

minifera and Pecten Labadyei. 

; . . vv f - 




. H ..... r „ 7 „ ippr ... .. is* November 1875, p. 53$. As before remarked, for convent* 

tato'e apeoifienftinee are preserved throughout this paper, I believe this rhizopod to 
at thOiamo thtae it appear* to -me to bli the spades identified by Dr, Carter with 
fcmush fbfesi Asiatte toddy, vi, pp. ft, SS, A©„ *e. 
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Although the relations of the fossils named above appear, on the whole, to be Eocene 
rather than Miocene, there being a predominance of species such as Natiea patula, N stgare • 
Una , Ostrea jlabellula, Voluta jugosa, &c., fonnd, or rep^sented bj closely allied forms, m 
Eocene beds in Europe, there is a considerable admixture of species with Miocene affinities, 
such as Siliquaria Granti , Solarium affine* and Echinanthus (Clypeaster). Of the two 
characteristic species of Nummulites also, one, N. sublaevigata , is peculiar, being unknown 
out of India, whilst the other, N garansensis, is met with in the lower Miocene beds of 
France.* 

It should not be forgotten that the fossiliferoift beds are at the base of the Nari group, " 
and if, as appears probable, these are high Eocene, the upper portion of the division may, 
very possibly, be of Miocene age. 

•The rocks of the Nari group extend nearly throughout the Khirthar range, forming a 
belt of lower hills along the western base of the main ridge. This belt varies greatly in 
breadth, but is rarely less than from two to three miles across, except in the extreme north, 
close to the frontier, where these beds are cut out apparently by a fault, or squeezed into a 
narrow belt, a few feet in width, and in the extreme south, where they appear, in places, to 
have been removed by denudation. On the Gaj river, the tract of country occupied 
by upper Nummulitic rocks is about three and a half miles wide ; on the Nari Nai, from 
which its name is taken, it expands greatly and is six miles broad. The same rocks occupy 
the broad valjpy of the Angai stream south of the Nari, and, sweeping round the northern 
termination of the Bhit range, form the greater portion of the valley to the eastward 
Their area in this direction has, however, yet to he ascertained. They are largely developed 
in the broad valley of Ohorlo and Malirri running south from the Manchhar Lake, and they 
are met with again about Tatta, but they do not appear to he found east of the Laki Kara 
and Eri range between Sehw&n and Kotri. They, however, occupy a large tract of country 
near Jungshahi, and are represented in many parts of Kohistan. Their area towards 
Karachi remains to be determined. 

5. GXj oe Supb a-n um mtjxitic Gboup. 

Above the sandstones of the Upper Nummnlitics there is found a group of highly 
fossiliferous limestones, sandstones, and shales, distinguished by a very different fauna, 
from which Nummulites are entirely absent. This group is easily recognised by being 
composed of several thin bands of hard limestone, usually of a brown colour, occasion- 
ally white, with sandstones and shales interstratifiod, in bands of small thickness. The 
limestone weathers into ridges which may frequently be traced for miles amongst the outer 
hills of the Khirthar range. 

The most characteristic bands of limestone are about the middle of the formation. 
They contain Echinodermata (especially Breynia carinata) in considerable quantities, and 
they frequently abound in cofrals. The Echinodermata appear, as a rule, to be confined to 
one bed, but further examination is necessary : all that can be positively asserted is, that a 
hand of limestone, abounding in fossil sea-urchins, occurs throughout a large area at 
about the same horizon. Towards the base of the group* shales and sandsto^rpi^vail, but 
the latter may, as a rule, be easily distinguished from similar rocks in the underlyiiig Nari 
group by being comparatively thin, each bed rarely exceeding eight thickness, 

and by their being inierstratified with shales or limestone, the upper 

portion oi the,G&j group consists usually ■ of calcareous sandite# mi t jj mML '^aris* ' 
shales and clay, and the uppermost beds abound- 

other allied , spejeies of the same geuiis, 

• D’Jteh. IlflinMli ip» liii*\lllMMIilfWl'ipi^j>|ajlirj li ,-V, 1 :: 
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on the Khei\ji Nai, *the highest beds of the group are clays with gypsum, containing, 
besides Turritella angulata , the following fossils : — 

Corbula trigonalis. r Tellina subdonacialis. 

Lucina (Diplodonta) incerta. Area Larkanensis. 

These beds may, very probably, be estuarine, for Area granosa, the living Indian repre- 
sentative of Area Larkanensis , is one of the most typical of estuarine mollusks, and the 
Tellina , Corbula, and Diplodonta* all have allies living in estuaries. These supposed 
estuarine beds are quite conformable to the overlying Manchhar (Sevalik) group and appear 
to pass into it. • 

The Gdj group, where best developed, as on the Gdj river, is at least one thousand feet 
thick. As a rule, throughout the Khirthar range, it is conformable to the Upper Nummulitics, 
but west of the Manchhar Lake, near Tandra Rahim Khdn, it rests unconformably upon all 
the older beds, for its outcrop extends in a nearly straight line across the Angai vaftey, 
which is formed by a synclinal of the Nari or Upper Nummulitic group. Further south, 
in the country south-west of Bula Khan’s Thana, the Gdj beds are nearly horizontal over 
a large area, whilst the nummulitic bods, both Khirthar and Naii, where thoy rise to tho 
eastward from beneath the newer formation, exhibit much greater disturbance. In one 
spot near Bula Khdn’s Thana Gdj beds were found resting directly on Lower Nummulitics. 

The following is a list of the principal fossils identified from the Gdj group. Foramini- 
fera ^re not very common, and hitherto in Sind, as has been already mentioned, no species 
of Nummulites has been observed in those rocks * 


Foraminifera . 
Operculina canaliferaP 


Fchinodermata . 


Ccelopleurus Foibesi, var. 

C. (sp. nov.P) 

Echinus Stracheyi P 
Echinanthus profundus. 

E. halaensis P var. 

E. sp. 

Echinodiscus sp. (near the recent F> auri- 
tus, but with closed lunules). 


Echinolampas Jacquemonti. 

E. spheroidalis P 
Breynia carinata. 

Brissus (Meoma) sp. 

Maretia sp. (undistinguishable from the 
recent M. planulata). 

Schizaster sp. 


LamellibrancKiata. 


( P Kuphus) rectusf (Serpula recta, Sow). 
Corbula trigonalis. 

Tellina (Maooma) subdonacialis. 

Lucina (Diplodonta) incerta. 

Astarte hyderabadensis. 

Venus granosa. 

V. cancellata. 

V. (Tapes) subvirgafa. * 

V. (Dosinia) pseudoargus (= D. exaspe- 
rata, Chemnitz, recent). 

Oardium anomale. 


Area Larkhanaensis. 

A. Peethensis. 

A. Kurrachiensis. 
Pectunculus pecten. 

Pec ten comeus. 

P. Bouei. • 

P. Favrei. 

Spondylus Tallavignesi. 
Ostrea multicostata. 

0. hyotis (recent). 

0. denticuiata (ditto). 


# Ijjfr taa done tae favour of comparing the Diplodonta and some other species, and I learn 

hpp that a living species common in tha Indian seas, which neither of us ean distinguish from the fossil 
is unnamed. I am not acquainted with the precise habitat of the living form, but either the same 
or SdoaQty alU ed sp ecies occurs with estuarinq, Mollusca ^ Bombay. The Ttlbna belongs to the subgenus 
HiSevpCh SWdlsVWy Close to T, (Uacoma) ngafomU, Sow., a common recant estuarine species. 

t A ivovx this is found also In the Kbit thar group. In both oases the tube is certainly 

thht el a not of an annelid. * 
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Gasteropoda. 

Turritella angulata. Bucciuum Cautleyi. 

Buccinum Vicaryi. 

Crustacea. 

Balanus sublsBvis. Palseocarpilius rugifcr.* 

The most characteristic fossils of the formation arc Breynia carinata and Ostrea multi- 
cosi a fa. Species of Clypeaster (JEchinanthus apud D'Archiac and Ilaime), Fchinolampas 
Jacquemonti , Kuphus (/) rectus 9 Venus granosa, Area Larkhanaensis, A. Peethensis , 
A. Kurrachiensis , Pecten Favrei , Turritella angulata , and Balanus sublavis arc also 
common. * 

That the above fauna is later than Eocene is self evident, the genera of Echinodermata 
alone being amply sufficient to prove the later tertiary age of the rocks. I feel some doubt 
as to whethor the group is as old as the Miocene of Europe. It must be borne in mind 
that one important characteristic of the European Miocene is the presence of genera now 
confined to tropical or subtropical seas, and consequently a similar fauna in subtropical Indian 
rocks may indicate a later geological age. The definite test of the ago of Indian later 
tertiary rocks must be the same as that applied by Lyell and others in Europe — the com- 
parison of the fossils with the fauna now lining in neighbouring seas— and until this can be 
made, only a provisional age should, 1 think, be assigned to the beds. Whilst, therefore, the 
G&J group may for tho present be called Miocene, as forming the middle tertiary group of 
Sind, I think it possible that it may ultimately prove Pliocene, and that the Nari beds are, in 
part at least, the equivalents of the European Miocene. Bearing in mind that flie fossili- 
ferous beds at the base of the Nari group have unmistakable miocene affinities, it is impossi- 
ble to consider the G&j beds older than Upper Miocene. 

The Gaj group is found throughout the Khirthar range, and usually forms the first 
well marked ridge west of the lower hills of soft Sfevalik (or Manchhar) sandstones. South 
of the Nari Nai, this belt of middle tertiary beds turns to* the south-east, and finally more to 
the eastward, and it forms a range of hills of small elevation about four miles south-west 
of the Manchhar Lake. To the south-west of the lake, the group appears to be entirely 
wanting, and the Sevaliks rest, apparently conformably, upon the Upper Nummulitics (Nari). 
The G&j beds are also absent east of the range running south from Sehwin.f They, however, 
appear in places in the valleys to tho west of that range, neaT Bula Khan’s Thana ; and 
south-west of that place and of Tong they occupy a very large tract of country, hitherto 
imperfectly examined, extending south-east towards Jungsh&hi, and west towards the Habb 
river, along which they stietch to the neighbourhood of Karachi* Their relations with the 
overlying rocks in this country require further examination. 

6. * Manchhab ob Sbvalik Gboup. 

The highest group of the Sind tertiary series hafhitherto received but little attention. 
It is unfossiliferous as a general rule, and there can be but little doubt of its representing 
formations better exhibited and more fossiliferous in the Sub-Himalayan region, and already 
widely explored. It is far from impossible that further study of the Bind beds may show 
that they are separable into two or more sub-groups. In one instance at least there was 
observed evidence of probable unconformity between diffqpnt portions of them* 

- - -*-*»—*■*—- — — — h — .....I..- im/.-it r 1 u n i 1 --r- M 

* StoUeske, Pol. Indies. * 

t A bed only (wo or throe feet thick has just boon found represents? fihem + hm Veto. It rata om Khirtber 
limestone, and ooutaina Grirea mvlheoiiat*, Psstsn Pbom, #c. ' 
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The Sevalik beds in Sind consist of clays, sandstones, and conglomerates. The clays are 
Usually buff or red in colour, the sandstones reddish-brown or grey. One very characteristic 
bed is a rather fine greenish-grey sandstone composed of fragments of quartz, felspar, and 
hornblend. This sandstone is often quarried for platters used to bake bread upon. In the 
reddish-brown sandstone the hornblend is absent. 

The conglomerates vary much in character. As a general rule, and especially towards 
the base of the group, they contain rolled fragments of argillaceous sandstone and clay, 
closely resembling the associated beds in the same group. As a rule, too, except in the upper 
conglomerate at the top of the group, pebbles of the older tertiary formations are wanting ; 
but in a few instances they have been found. This is the case in one bed on the Khenji Nai, 
and conglomeratic bands containing Nummulitic limestone and Gaj (Miocene) limestones are 
seen on the road between Shah Uassan on the Manchhar Lake and Pir Gdji. • 

On the top of the Manchhar or Sevalik and on the edge of the alluvium there is found, 
in most parts of the Khirthar range, a very thick bed of coarse conglomerate composed 
of large pebbles of nummulitic limestone and other rocks, amongst which fragments of a 
quartzite are abundant. This conglomerate bed in places, as at the outlet of the Gaj, cannot 
be less than two or three hundred feet thick. It is disturbed and inclined like the Manchhar 
beds beneath it, and it appears conformable to them. It has, however, an appearance of 
passing upwards into the gravels of the slope Outside the range, but such appearances are 
sometimes fallacious. At the same time it is far from improbable that tlfe conformity of 
this conglomerate to the Manchhar beds may be only apparent. 

The thiokness of the Manchhar group in Sind has not been ascertained with any 
certainty, but it can scarcely be less in places than five thousand feet. 

Except near Karachi, where some oysters were found by Mr. Pedden in beds apparently 
belonging to this group,* no marine fossils have hitherto been obtained in it, and the principal 
recognizable remains of vertebrata hitherto collected by the Survey are some bones and 
teeth of Rhinoceros and Crocodile. Captain Vicary and some other explorers appear, how- 
ever, to have found bones in larger numbers. 

Prom the circumstance that the Manchhar group rests unconformably on the Gdj 
beds, which are at the oldest Upper Miocene, it is manifest that the Manchhar group itself 
cannot be older than Pliocene. This result is extremely important, if, as appears almost 
certain, the Manchhar beds of Sind are the equivalents, in part or wholly, of the Sevalik 
and Nahun beds of the Punjab, since the latter have generally been referred by all writers 
to a Miocene epoch. f The Makrdn group, the possible equivalent of the Manchhar in 
Baluchistan, is newer Pliocene or Pleistocene. 


It appears to me that the Sind beds cannot be of marine ^origin. With one or two local 
exceptions, they are entirely destitute of mollusca or other forms of marine animal life* 
whilst similar beds in the Gdj group just below are full of fossils. The coarse conglomerate 
j^ ihe top of the group is chiefly composed of pebbles which appear to have been rolled 
their form being tfo oblate for them to, have been formed on .a sea beach, lam 
dispose^ to aspect ^t the Manchhar .group, 'despite, its enormous thidkuess, is 






w have be* found, alio by Mr. of Kofcri. 
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of subaeria) origin, tbe clays having, probably, bean formed in an alluvial plain, and the 
conglomerates and sandstones deposited by streams and the wash of rain from hills, », 

Tbe Manchhar group is unoonformable to the G4j fproup. This is proved by the oc- 
currence of fragments of the Gaj limestones in places in the Manchhar conglomerates, and 
also by the newer group in places near Sehwan and Kotri overlapping the older and 
resting unconformably upon the upper or lower Nummulitic beds. But, as a rule, through- 
out the Khirthar range, the Manchhar beds rest conformably on those of the Gaj group. 

The Sind Sevaliks form a belt of low hills on the flanks of the Khirthar range as much 
as fourteen miles in breadth near Ghaibi Dero, west of Larkana, but usually not more than 
four or five miles wide. South and west of the Manchhar Lake the same rocks occupy a consid- 
erable tract of undulating country. They are found on the west side of the Laki hills, 
southwest of the Manchhar, and they cover much of the ground between the Indus and the 
continuation of the same range to the southward. They are also met with locally about Bula 
Khan's Thana and in some of the other valleys of Kohistan. Their extent near the coast 
is obscure, for they appear to change in character in this#direction, and they may be repre- 
sented by the Makr&n group :* but this point has not been determined as yet. 

The Manchhar beds were evidently deposited before the elevation of the Khirthar range, 
since they are tilted up with the beds of which the higher hills are formed. They thus 
mark the close of the tertiary period in Sind, and a break exists between them and the undis- 
turbed formations of more recent date. 


7. Recent and Sub-Recent Deposits. 

Although these cover the greater portion of Sind, they possess but little geological 
importance by themselves. They are merely local forms of wide spread formations, and, 
from their simplicity, demand but brief notice. 

The alluvium of the Indus plain is rather sandy, perhaps in consequence of the great 
extent to which sand is carried over the country by wind. Otherwise the alluvium presents 
no peculiarities, or at least none have been observed. 

Along the base of the Khirthar and other ranges are slopes of gravels similar to those 
found in Persia and the dry regions of Central Asia, but on a much smaller scale. These 
deposits Sre evidently due to the wash of rain and small streams, and similar slopes occur in 
all countries, but they are peculiarly conspicuous in the desert regions, in consequence of the 
absence of vegetation. 

Large accumulations of gravel and sand are found in many of the valleys between the 
ranges in Lower Sind and amongst the lower hills of the Khirthar. These gravels are often 
cemented into a conglomerate by carbonate of lime. 


Blown sand is frequently* found in parts of the Indus plain covering the surface and 
forming low hillocks. To the east of the Indus it ^covers a large tract of desert country, 
. separating Sind from Rajputana. . , ; > 


On the correlation of the Sind tertiaries with those in neighbouring 
importance of a knowledge of the rooks of Sind, for the purpose of 
tertiary geology of other parts of India, has already been noticed. Mu 
the fossils is necessary before anything like accurate 
possible that the distribution of organic remains in f" 
may differ slightly from that found in Sind. f 

T<- |i " ' in 1 ' j ' jt, [ 1 1 

V'f." ♦ EecoriB,Oool<|^8ur««y,IndU, 
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The tertianes of Kachh, south-west of Sind, were described by Captain Grant in 1837, 

and have since been mapped and classified by Messrs. Wynne and Fedden (Mem. Geol. 
Surv. India, Vol. IX). The following groups were distinguished by the latter I place 
against each its probable equivalent in Sind : — 

Kachh. 

F. Upper Tertiary. 

E, Argillaceous group. 

D. Arenaceous group. 

C. Nummulitic group. 

33, Gypseous shales. 1 

A. Sub-Nummulitic, 5 

At the samo time it is only just to state that these identifications are chiefly based jipon 
fossil evidence contained in the detailed descriptions,* and that this evidence does not always 
coincide with the distribution of organic remains found in Sind. For instance, Nummuliies 
are said to have been found in the argillaceous group of Kachh ,f whilst none have hitherto 
been met with in the corresponding Sind formation. Mr. Fedden tells me that it is probable 
that the mapping of portions of the Kachh tertiaries, which aro frequently very ill-exposed, 
may require alteration. Some of the identifications of fossils, too, were made with imperfect 
means of comparison. Unfortunately it is not specified in the Memoir which of the identi- 
fications are by Dr. Stoliczka, who compared most of the forms enumerated in the detailed 
descriptions. i 

Of Kathiawad we only know as yet that a tertiary series is found, near the base of 
which Nummulitic limestone occurs. Above this Mr. Theobald, in his manuscript report, 
enumerates in ascending order (a) Venus granosa beds, which are probably, in part at least, 
the representatives of the Gaj group of Sind ; (/3) Perim beds, approximately of Sevalik age, 
and, therefore, corresponding to the Manchhar group of Sind, and (y) Milliolite beds, which 
are, possibly, the equivalents of part of the Makran group, and are not, so far as we know, 
represented by marine beds in Sind at all. 

In Eastern Gujrat,J in the districts of Surat and Broach, the tertiary formations above 
the volcanic series of the Deccan traps are very ill-exposed. Near their base limestone is 
found with numerous fossils, several of which are characteiistic of the Sind Khirtliar group 
(Eocene), whilst higher in the series sandstones, clays, and gravels with Balanus and other 
fossils occur. These may, possibly, represent the Gaj group of Sind. 

Turning northwards from Sind, the first place (with the exception of the hills north of 
the modern Jacobabad, briefly described by Oaptain Vicary) of which we have any definite 
information is the portion of the Sulim an range, recently examined by Mr. Ball,§ west of 
Dera Gbazi Khan. Mr. Ball describes beds, which he conbidors of Sevalik age, resting upon 
sandstones with clays ; the latter beds are, probably, the representatives of the Sind Manchhar 
group, and Mr. Ball's Sevaliks may correspond to the massive conglomerate found in Sind at 
the top of the tertiary series. 

Of course, considering that Mr. Ball made only a flying visit to the hills at the most 
unfavourable season of the year, he may have easily overlooked some groups, and represents 
U ViMf the G&j and Nari beds of Sind could scarcely have been detected without a careful 
NtfftyR Still the absence of the massive sandstones of the former group is important* 

— — — 

• 1 c, pp, 2S1, 8*9. 

t Pt> 868, 260. * * 

t Memoirs Qeoloeleal Survey of India, VI. pp, Sl-SS, 208, &o. 

I Ewsrds Ghwiegioal gamy of Indta, Vlf* *, 146, 


Sind, 

Manchhar or Sevalik. 

Gaj or Supra-Nummulitic. 

Nnri or Upper Nummulitic. 
Khirthar or Lower Nummulitic. * 

P Banikot or Infra-Nummulitic. 
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But the lower portion of Mr. Ball's section corresponds well with what is known of Sind. 
He found Nummulitic limestone, evidently of Khirthar age, resting upon a great groupof 
alum shales and sandstone with coal, apparently representing the Ranikot beds of Sind. 


So little has as yet been ascertained definitely about the Punjab tertiary rocks, that it is 
best to defer all attempts at identifying them until more is known of their organic remains. 
With the Sub-Himalayan rocks described by Mr. Medlicott* the following are possible 
identifications, but the absence of marine fossils in the two upper "sub-divisions of tike Sirmur 
group renders comparison difficult 

Sub-Himalaya near Ganges . Sind. 

Sevalik 


Nahan 


Sirmur 


r Kasaoli .. 
, < Dagshai .. 
i Sabathu .. 


^ Manchbar. 

P 

P 

Khirthar. 


The most striking point is that, so far as the examination has hitherto proceeded, no 
marine representative of the Gaj Miocene group has been found north of Sind, unless the 
occurrence of a single valve of Luc in a ( Diplodonta) vneerta in,tlio Salt rangef be evidence 
of its existence. Mr. Medlicott notes the existence of Ostrea muUicostala in the Snbathfi 
group , % but it is far from clear that this species, although it is so common in the Gfij group 
as to be a characteristic fossil, is confined to that horizon even in India. In Europe it is an 
Eocene form. Whether the Kasaoli or Dagshai beds represent the Nari group of Sind 
remains to be determined. 


Lastly, west of Sind, in Makran, there is found a thick group of marine beds of very 
late age, certainly not older than Pliocene. This group, which is greatly developed near the 
coast, I have proposed to call the Makran group.§ It rests with apparent local conformity 
on an immense thickness of sandstones and Bhalcs, in which occasionally beds of Nummulitic 
limestone occur. All this lower portion of the series, in the only country in which I was 
able to examine it, is greatly disturbed and altered, all the beds, as a rule, being vertical or 
nearly so, and it was impossible to classify the rocks below the Makran group. 

This M&kr&n group is certainly unrepresented in Sind by any marine beds hitherto 
examined : (it must be borne in mind that the neighbourhood of the coast requires further 
attention :) most of the included fossils are recent species, and not a single characteristic 
G&j (Miocene) form has been detected in Makran except Area f Parallelopipedum) tortuosa, 
which may prove undisiinguishable from Area Kurrackiensis . 

The natural suggestion arises that the Makran group may represent the Manchhar 
formation of Sind : but this remains to be proved. The one formation is exclusively marine, 
the other freshwater, and until the intervening area has been examined, it would be premature 
to speculate upon the relations of the two to each other. 

P.S.— December 23 rd, 1875.— Since the above sketch of Sind geology was written, 
tbo rocks beneath the Khirthar group have received further examination, and the result 
shows that the fossiliferous brown limestones of Tatta, Jhirk, and the country north-west of 
Kotri most be classed with the Ranikot or Infra-Nummylitic, and not witjh the Khirthar 

h — ... - - M — 

* Memoirs, Geological Sumy Of India, III, pt. 2, pp, 17, Aol 
- t O’ Arch, and Halme, An.Woea. Num. do Hade, p, 240. 

t L c. p. 100^ 

§ Records, Geological Surrey of India, 1872, tel. V* . 41 . ) 
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group* A list of some of the principal fossils obtained from these brown limestones was 
givon above (p. 12). It has also been ascertained that the Khirthar group rests uncon- 
fofmably, in places at least, on the*Banikot group, the unconformity being dearly seen at 
Hothian pass, ten miles south of Ranikot. This unconformity explains the absence of the 
fosniliferous brown limestones, which are the highest ffnown members of the group, at 
Ranikot itself, 

* Basalt, precisely similar to that seen at the base of the Ranikot section, has been traced 
in several places along the range north of Ranikot, and proves to be a lava flow 30 to 40 feet 
in thickness, distinctly interstratified with the sedimentary beds of the Ranikot group!* A 
second flow has been found at a lower horizon. The bed containing Cardtta Beaumont i is 
inferior to the upper basaltic stratum* 

Beneath the shales and sandstones exposed at Ranikot, and below the Cardita Beau - 
monti bed, there is a great thickness of biown, reddish, and white sandstones and conglome- 
rates and some dark-coloured gritty limestone, and at the base of these beds white limestones 
appear, in which no nummulites have been detected and which may prove cretaceous. Unfor- 
tunately, the south of Sehw&n and Lakki Range, in which the sections are exposed, is difficult 
of access. It is hoped that a fuller account of these interesting beds may be given 
hereafter. 


DONATIONS TO MUSEUM. 

October 1875. — Specimen of gold (wg. 39 grs ) from Katanga mines, Central Africa, 
received fiom Zanzibar. Presented by Government of India. 

December 1875. — A piece of the meteoiite, which fell at Jhang in the Punjab, (wg. 2 lbs. 

7 oz. 272 grs.) Presented by A. Biandreth, Esq., Commissioner, Mooltan 
Division. 


ACCESSIONS TO LIBRARY. 


From 1st October to 31st December 1875. 

Titles of Boole s. Donors . 

Baily, Wm. Hellieb. — Figures of characteristic British fossils, with desciiptive remarks, 
Yol. I, pt. 4, 1875, 8vo., London. 

Croix, James. — Climate and Time, 1875, 8vo., London. 

Frazer, P.— Tables for the determination of Minerals, 1875, 8vo., Philadelphia. 

Gei^fb, Alex. — Life of Sir Roderick Murchison, Bart., Vols. I — II, 1875, 8vo., London. 
Gumxlius, Otto. — Om Glaciala Bildningar, No. 1, 1874, 8vo., Stockholm. 

The Author. 

Hayden, P. V.— Catalogue of the Publications of the United states Geological Survey of 
the Territories, 1874, 8vo., Washington. 

The Author. 


Hpmkel, David.— -Om Rullstens Bildningar, 1874, Svo.» Stockholm, 

The Author. 

der Salinenkunde, Vols. I-—II, 8vo., and Atlas, folio, 1875, Niimberg, 
J . — Boequejo Geologioo de la Provincia de Cadiz, 1878; 8vo., Cadiz* 

J OOTr.-— Illustrations of the Geotoffy of Yorkshire, pt. I. The Yorkshire Coaet, 
f 1 3rd 1378, 4to^ fcondon. 

Vv-Treite de Pal&mtotogfo Vdgdtale, VoL II, pt. 2, and Yol. Ill, and Atlas, 
‘ fol. 1870.72 and 1874, 8to., Pttie. 
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Titles of Boohs. 

American Journal of Science and Arte, 3rd Ser., Vol*X, Nos. 

Dana, Ac., 1975, 8vo., New Haven. 


Donors.* # 

57, 58, 59. Edited by 

T he Editors. 


Annales dcs Mines, 7tb Ser., Yol. VII, livr. 2, 3, 1875, 8vo., Paris. 

L'Adminis. des Mines. 


Antals and Magazine of Natural History, 4th Ser., Yol. XVI, Nos. 93, 94, 95, 8vo., 
London. 

Archiv fiir Naturgescliichte, Jahrgang XLI, Band 1, beft 3, 1875, 8vo., Berlin. 

Bibliotheque Universello et Revue Suisse. Archives des Sciences Physiques et Naturelles, 
* Vol. LIII, Nos. 209, 210, 211, 212; Vol. LIV, No. 213, 1875, 

8vo., Gen6ve. 

Yol. LIII, Nos. 210, 211, 212 ; LIV, 213, 214, 8vo., 1875, 
Lausanne. 

Encyclopaedia Britannica, Yol. II, 9th edition, 1875, 4to., Edinburgh. 

Geographical Magazine, Vol. II, Nos. 9, 10, 11, 1875, 8vo., London. 

Geological Magazine, Now Ser., Decade II, Vol. II, Nos. 9, 10, 11, 1875, 8vo., London. 
Journal de Conchyliologie, 3rd Ser., Vol. XV, No. 3, 1875, 8vo., Paris. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4bh Ser., 
Vol. L, Nos. 330-332, 1875, London. 

Martini und Chemnitz. — Conchylien Cabinet, edited by Kiister, lief. 236 — 240, 1875, 
4to., Niirnberg. 

Mining Journal, Vol. XLV, for October, November, and December, 1875, fol., London. 
Nature, Vol. XII, Nos. 305—316, 1875, Roy. 8vo., London. 

Neues Jahrbuch fiir Mineralogie, Geologic und Palmontologie, Jahrgang 1875, heft 6 and 7, 
1875, 8vo , Stuttgart. 

Palsoontographica, Band XX, lief. 8 ; XX, Abth. 2, lief, 6 ; Bd. XXIII, lief. 4 and 6, 1875, 
4to., Cassel. 

Petermann, Dr. A. — Geographische Mittheilungen, Bd. XXI, Nos. 9, 10, 1876, 4to., 
Gotha. 

,, Ditto ditto, Supplement No. 43, 1875, 4to., Gotha. 

Pfeiffer, Dr. L. — Novitates Conchologic», lief. 46, 47, 4to., Cassel. 

Poggen dorff, J. C. — Annalon der Physik und Chemie, Bd. CLV, No. 8, CLVI, 9 and 10, 
1875, 8vo., Leipzig. 

Professional Papers on Indian Engineering, 2nd Ser., Vol. IV, No. 18, 1875, 8vo., R#rkee. 

The Civil Engineering College, Roorrbe. 


Quarterly Journal of Microscopical Science, New Ser., No. 60, 1875, 8vo., London. 
Quarterly Journal of Science, No. 48, 1875, 8vo., London. 


GOVERNMENT SELECTIONS, Ac. 


Bombay.— C ensus of the 


Bombay Presidency, taken on the 21st February 187$* pt s, I— III, 
1875, fcp., Bombay. 

Otmmmn o» boh&lt. 


Ik DU, —Annual Report on the Administration of the Persian Gulf Political Residency, 
and Muscat Political Agency for the year 187476, 1876, 8vo,, 
Calcutta. 


Tbs Fqbkiok Dkpabtmbk* 1 . 
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Titles Qf Rooks, t Donors, 

InjJU. Lists of Officers in the Survey Departments on the 1st October 1876* 1876, fcp., 
Calcutta. 

Department of Revenue, Agriculture and Commerce. 


„ Eeporton the Settlement of the A j mere and Mhairwarra Districts, by J. D. 
# LaTouche, Esq., 1875, 8vo., Calcutta. 

The Foreign Department. 

4 Punjab. — Captain Broadfoot, h. b. Obstsnctions which have oocurred in the upper waters 
of the Indus and its tributaries, 1875, fcp. 

Government of Punjab. 


TRANSACTIONS OF SOCIETIES, &c. 

Amsterdam. — Jaarboek van het Mijnwezen in Nederlandsch Oost Indie, Jahrgang III, 
Deel. 2, 8vo., 1874, Amsterdam. 

Royal Society of Batavia. 


Belgium. — Annales de la Socidte Gdologique de Belgique, Vol. 1, 1875, 8vo., Lidge. 

The Society. 

Berlin. — Monatsbericht der Konig. Preuss. Akad. Mai, June 1875, 8vo., Berlih. 

The Academy. 


»* 


»» 


Verhandlungen der Gesellschaffc fiir Erdkunde zu Berlin, Bd. II, Nos. 4, 5, 1875, 
8vo., Berlin. * 

Zeitschrift der Deutschen Geologischen Gesellschafl, Band XXVII , heft 1, 
1875, 8vo., Berlin. 


The Society. 


Breslau. Abhandlungen der Schlesiscben Gesellschafl fiir Vaterlandisch© Cultur, Abth. 

1809*72 and 1871, 1871 and 1872, 8vo., Breslau. 

The Society. 


„ Neun-und-viorzigster Jahres-Bericht der Schlesischen Gesellschaft fiir Yater- 
landische Cultur, 1874, 8vo., Breslau. 

Ditto. 

Calmtta.— Journal of the Aaiatio Society of Bengal, New Ser., Yol. XLIV, pt. I, No. 3, 
1875, Calcutta. 

The Society. 

Glisgow.— P roceedings of the Philosophical Society of Glasgow, Yol. IX, No. 2, 1876, 
8vo., Glasgow. 

The Societt. 

Loif»Q».-— Proceeding* of the Royal Society of London, Vol XXIII, Nos. 162, 163, 1876, 
8m, London. 

. Thb SocntTT. 


transaction* of the Linnean Society, Yol. XXVIII, pt».8andA; Vol. XXIX, 
pts. 2 and 8 ; Vol. XXX, pts. 1, 2, 8, and 2nd Berios, Botany, 
Vol. I, pt, f 5 Zoology, VoL I, pt 1, 1878-76, 4to, London. 

Tax Socim. 
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Title* of Boohs. Donors. 

London.— Proceedings of the Linnsean Society for 1873*74, 1874, 8m, London. \ 

■* The Society. 

Journal of the Linnroan Society — Botany Vol. XIII, Nos. 65 — 72. Vol. XIV, 
Nos. 73—80, Aha Zoology Vol. XII, Nos. 68. 59, 1871—75, 8vo., 
London. m 

Ditto. 

Journal of the Royal Geographical Society, Vol. XLIV, 1874, 8vo., London. * 

The Society. 

Proceedings of the Royal Geographical Society, Vol. XIX, No. 7, 1875, 8vo., 
London. 

Ditto. 

„ Quarterly Journal of the Geological Society of London, Vol. XXXI, 3, No. 123, 
1875, 8vo., London. 

The Society. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland, Vol. II, » 
pt. 2, 1875, 8vo., London. 

The Society. 

• . 

„ Proceedings of the Royal' Asiatic Society of Great Britain and Ireland, 1875, 

8vo., Hertford. 

Ditto. 

„ Journal of the Anthropological Institute of Great Britain and Ireland, Vol. V, 
No. 1, 1875, 8vo., London. 

Lausanne.— Bulletin de la Societe Vaudoise des Sciences Naturelles, 2me Ser., Vol. XIII, 
No. 74, 1875, 8vo., Lausanne. 

The Society. 

Moscow.— Bulletin de la Socidte Impdriale des Naturalistes de Moscow, Vol. XL VIII, No. 4, 
1875, 8vo., Moscow. 

The Society. 

New Zealand. — Transactions and Proceedings of the New Zealand Institute, Vols. V, VI, 
VII, 1873—75, 8 vo., Wellington. 

The Institute. 

Paris. — Bulletin de la Soci£t6 Gdologique de France, 3me. Ser.— 

Vol. II, No. 7, 1874. * 

Vol. Ill, Noe. 5, 6, 7, 1875, 8vo., Paris. ^ 

The Sooi rtt. 

Philadelphia. — Journal of the Franklin Institute, 3rd Ser., Vol. LXIX, Nos. 5, 6, 
Vol. LXX, Nos. 3, 4, im> 8m, Philadelphia 

a: ' \ 

Rome.— Bollettino Reale Comitato Geologico d* Italia, 1875, Rome. ^ ^ 

St- l^t»B|BE0»0H.---Mimoires de t 9% 

*. : - ' . . ■ Ser., Vot Kps. . 

4fco., St. Petersburg. 
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St.,£ > etbb$bubgh.— Bulletin de 1* Acaddmie Implriale de St. Petersburg, VoL SIX, Nos. 4, 
5, Vol.*XX, Nos. 1, 2, 1874, 8vo. 

The Academy. 

Stockholm.—- Sveriges Geologiska Undersokning, Nos. 60-53, with maps, and map of 
Nos. 46 — 49. Folio. 

Bureau Geol., Suede. 

*StDtftY.— Transactions of the Royal Society of Hew South Wales for the year 1874, 1876, 
8vo., Sydney. 

The Society. 

„ Mines and Mineral Statistics of New South Wales, 1876, 8vo., Sydney. 

Rbvd. W. B. Glares. 

Toronto. — Canadian Journal of Science, New Seiies, Vol. XII, No. 6, Vol. XIII, No. 6, 
1870, 1872, 8vo., Toronto 

* Canadian Institute. 

Victoria. — Report of the Chief Inspector of Mines, to the Minister of Mines for the year 
1874. 1876, fcp., Melbourne. 

, Govt. Mining Dept., Victoria. 

„ « Reports of the Mining Surveyors and Registrars for the quartets ending 31st 
December 1874 and 31st March 1875. 1875, fcp., Melbourne. 

Ditto. 

„ Prodromus of the Palaeontology of Victoria, Decade II, 1876, Roy. 8vo., 
Melbourne. 

Ditto. 

„ Mineral Statistics of Victoria for the year 1874. 1875, 4to., Melbourne. 

Ditto. 

Vienna.— -Sitzungsberichte der K. Akademie der Wissenschaften, Band LXIX, Abth I, 
heft 4, 5 ; Abth. II, heft. 4, 5 ; Abth. Ill, heft 1—5. 

Bond LXX, Abth. I, heft. 1, 2 ; Abth. II, heft. 1, 2 ; Abth. Ill, heft. 1, 2, 1875, 
8vo., Wien. 

The Academy. 

„ Jahrbuch der E. E. Geologischen Reichsanstalt, Band XXV, Nos. 1, 2, 1875, 
* 8vo., Wien. 

# The Institute. 

„ Abhandlungen der E.K. Geologischen Reichsanstalt^ Band VIII, heft 1, 1875, 
4to., Wiem 

Ditto. 

» Verhandlungen der E. E. Geologischen Reichsanstalt, 1875, Nos. 1—10, 1876, 
8yo,, Wien! 


Ditto. 
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Uoie on the Geology of Nepal,* by H. B. Medlicott, m. a., f. g. s., Deputy Superin- 
tendent, Geological Survey of India . 

Through the kindness of Mr. Girdlestone, the ltesident of Nepal, I had an opportunity* 
in May last of'visiting that very secluded country. It will surprise many to hear that 
although the inarches of Nepal run for more than 500 miles along some of tho most 
f “i tile and populous districts of British India, that country is still ligorously tabooed to all 
outsiders, Englishmen included. With the exception of the track to Katmandu, no part of 
that extensive area has been traversed by civilized man. Even tho route to the capital is 
only open to political envoys, and by special favor to invited guests ; and any digression from 
the actual road- way is suspiciously watched. The permitted range of exploration from 
Katmandu is correspondingly restricted : one may go as far as the Trisal-ganga, on the north- 
west, about sixteen miles (direct), and to about an equaljlistance on the south-east, in both 
cases a short way beyond the precincts of the actual valley. The following observations aie 
therefore most scanty, there being no opportunity to followup and examine .features of speoial 
importance in the general section. They may, however, have some interest as a term of 
comparison between the known ground on the east and on the west, about midway between 
which this section occurs. 


It is necessary briefly to state what the features are with which this comparison is to 
be made. From the Sutlej to tho western frontier of Nepal there is continuously traceable 
along the margin of the mountains a zone of variable width formed of slates and thin 
silidous bods surmounted by sandstone and strong limestone. The latter have been described 
as the Krol group ; the lower B horizons being distinguished as infra-Krol, Blini (a thin lime- 
stone) and inffca-Bliui. They usually form a broad, crushed synclinal ridge at the edge of 
the mountain-area, as at Mussooreoand Naini Tal. In the Simla region they extend far 
beyond this ridge into the interior of the mountains , where they becomo obscured by meta- 
morphism, their relation to the gneiss rocks not being as yet satisfactorily determined. In 
Kumaott, at least north of Nairn Tal, there in an abrupt ohange, along alipe of trappeaa 
intrusion, between the range of gemi-metamorphio strata and the gneiss roc^is to the north, 
It has been conjectured that the Krol limestone is triassic, and the nud&lyit^ groups palaeo- 


zoic. 


* Within tine territories the name Nepal IS onl j applied to the valley Of Katmandu. 

m * 
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The section in Sikliim, to the east of the Nepal territories, is petrographically very 
Afferent from that in the Simla region. The schists and gneiss come close to the edge of the 
ihountains, in some places quitg up to it. But in many parts there is a narrow band of 
partially altered strata, which have been fully identified as belonging to the Damuda formation, 
the coal-measures of India, thought to be of upper palaeozoic age. But the curious point is 
that these beds are the lowest a$d oldest member of the rock-seiies, conformably underlying 
the schists, and these again passing regulaily beneath the gneiss, which forms the greater 
part of the mountains in the Darjiling district. In Sikhim tho usual outer ranges of the 
sub-Himalaynn hills, enclosing long valleys at tho base of the mountains, are xibt represent- 
ed. The inner zone of sandstone at tho vei*y base of the mountains is, however, in force. 


In the Nepal section wo find a very complete exhibition of the sub-Himalayan hills, as 
known to the north-west. The Chmia Ghati lange, in si/e, structure and appearaqpe is a 
far simile of tho original Sivaliks. Inside it the dun or mari of Etoundah is an excellent 
example of these character istic sub-Himalayan valleys. And to the north of this, along the 
base of tho mountains, tlicie is a flanking range of sandstone, harder, and apparently 
older, than that of tlio outer hills, just as occurs in the western legion. Thor© is still so much 
uncertainty about tho grouping and distribution of these sub-Himalayan locks, that I cannot 
speak confidently as to those in the section under notice. It is quite recognised that there are 
two strong and stratigraphically well separated groups— the Sivalik and th$ Nahan — in the 
trans- Jumna region ; but considerable doubt has been thrown upon the view I at first adopted, 
that the cis- Jumna Sivalik hills belong to the upper group of rocks. * Lithologically, 
the resemblance is more with the Nahun than with the Sivalik group. Thus it would 
appear that structural position, even in the case of what is physically a single range, is no 
criterion of the geological horizon of the rocks ; and we arc unable on these grounds to 
assume that the Chuiia Ghati strata are true Sivaliks. Lithologically too, they have small 
resemblance to the typical Sivaliks of tho trans-Jumna range. In mere composition they 
are much more like rocks of the cis-Jumna hill*;, consisting as they do in the lower 
half, of massive gray sandstone, and above of great beds of conglomerate gravel. There are, 
however, some point* of difference: # in the west the change fiom the sandstones to the con- 
glomerates is gradual and alternating ; here it is rapid and complete, from an almost unbroken 
moss of fine grey sand to an equally uniform mass of pale yellowish- brown conglomerate. 
This character can have no significance ; but I was much struck with the very fresh aspect 
of these Chum Ghati deposits as compared with those of the range south 6f the Dehra-Dun. 
The sand, in solidity as well as in appearance, is scarcely diffoient from that forming the 
chars (temporary islands) in the groat river beds. I should, perhaps, mention that it is 
several years since I have seen the Sivalik sections, and have since then been occupied with 
much more ancient formations* On one point, however, I will speak firmly : I must at 
present refuse to believe that the Churia Ghati strata can be of the same horizon as the 
sandstone forming the hills north of Etoundah ; and so, these being presumably Nahans, 
the former may for the present be set down as Sivalik. 


At tho outer base of the range, at Biohiakob, there are some rusty earthy beds ; and 
&U are greatly crushed, locally quite vertical. The dip soon settles down to 30°, to north- 
north-west, maintaining it steadily to tbe top of the pass. This is the type structure of 
detached sub-Himalayan ranges, of whatever group composed: the flat half qf a 
KmMM *fcticlinal flexure. The range is about four miles 'Wide, which would give an ag- 
Sickness of about 10,000 feet of rock.* Hie pass, as is universal in these ranges, 

^ 1 ** — — *»- - — *•— — -I- .t — ■« — » » 

« * * • 

* 1* iHstiU nmflaary to note that this does not Imply vertical seq^jgne . 
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follows the broad bed of a torrent, to near tbe very summit, where it turns up a steep gully, 
partly artificial. Here I noticed a strougbed of ochreous clay. A similar rook is very eOju- 
mon in a like position in the passes sotrat of the Debra-Dun. Boulders of from 12 to 20 
inches cube are common in the bed of the torrent, though it is rare to see stones of this size 
in the conglomerate forming the cliffs on each side, from which, it would be assumed* all 
must be derived. Near the foot of the steep rise I observed a huge block of quartzite* 
measuring 10' x V x 6'. Reference to it will he made further on. , * 

In the Rapti, immediately under Etoundah, there are outcrops of the rusty sandy clays 
and greenish-gray sandstone at the base of the section north of the dun. They dip at 60° 
to north-by-east. Wherever observed along the road, this dip (with slight variation in amount) 
was found constant, and there is but little change in the character of the rock. It is clearly 
an appending section: clays occur, hut very subordinate^ ; the sandstone becomes somewhat 
softer in the higher beds, and there are here several layers of thin conglomerate. In no 
single feature is there any precise resemblance to the series in the outer range. The strata 
closely correspond with the Nahan group of the north-west, and with that described by 
Mr. Mallet at the base of the Sikhim Himalaya. At Etoundah the formation is about a mile 
wide, which would give an accumulated thickness of about 10,000 feet, there being nothing 
to suggest repetition by faulting or flexure. A blank covered space of fully 100 yards, 
between the last outcrop of the sandstone seen on the road section and the first outcrop of 
the slates, conceals the contact. It is probably, as usual, vary steep, if not overhanging. 
Mr. Mallet has adopted for the Sikhim ground the view I put forward regarding this main 
feature of the mountain-structure in the north-west, that it is not primarily a faulted rock- 
junction. There is no sign at the base of the section, nor as a remnant along the junction, 
of any older tertiary rocks that might represent the eocene group of Subathu. The inner 
limit of these sandstone hills is well marked by narrow longitudinal valleys of denudation. 

The first rocks seen north of the tertiary sandstone are some earthy schists, with a 
crushed dip of 50° to north -by-east, quite parallel in strike to the Sandstone. A thin band of 
blue limestone^ occurs in these beds, and further on a strong band of black schistose slate, 
in which are some irregular vein-like nests of impure carbonaceous matter. All these beds 
within a few hundred feet of the boundary, though decidedly subfoliated, are less altered 
than any rocks to the north of them, and also less highly inclined. They are overlaid by 
more silicious rocks, flaggy schistose quartzite, nearly vertical, or folded in zigzag contor- 
tions. There is again a small appearance of more earthy schist, or possibly a reappearance 
of the former band, for the beds are greatly contorted, although tbe northerly underlie seems 
constant. A trappoid rock occurs here ; but its intrusive character is not well marked. It is 
the only rock of this kind that I observed in Nepal. The thin quartzites come in again and 
pass up into stronger beds of the same rock, v which are overlaid by massive white crystalline 
limestone* all dipping at 70° to 80° to north-by-east. This limestone must be several hundred 
feet thick. The sample I brought with me is not dolomitie. At Bbainsi Daman, where th& 
river takes a bend, and above it for some miles, the rooks are much broken and confused. 
Great masses of the white limestone form irregular cliffs on .both sides, the hndexlf I&g v/rocks 
being concealed by vegetation and valley-deposits. ‘ ‘ / 

It would seem as if the ascending section from the 1^inul»rjg . t ijca here 

passed into a broad, broken and ’contorted synclinal basin, ’The strife* ' 

is margined /throughout ; it was observed in some 

sttjs; lit the head of the valley dose under the ; steep rfdge^ Off Cheeea*gSfhf > 1®U« glen bf 
. Nimbua^Tanr on the upper course ■ of ihef^piiis one ; I haVe:«wfe^ 
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Although this Chessa-garhi range has a nearly east- west direction, parallel to* the strike 
of »tihe rooks to the south of it, it is formed, at least at this point, of rocks haying a widely 
different direction. Even at Bimpfcedi, at the south base of the ridge, the strata strike to 
north 36° west. They are again thin quaitzites, greatly folded and shattered, hut maintain- 
ing a dominant high underlie to north-esst-by-east. A little below the crest of the ridge on 
the northern descent, the quartzose schists arc associated with strong bands of prophyritic 
gtciss, which is the dominant rock towards the base. The strike would take it into the 
ridge well within the basin of the Rapti. At the north base of the range the Pinouni 
river flows from the north against this mass of gneiss, and turns away to the east. Just 
above the bend of the nver there is a cliff-section showing the crushed condition of the 
gneissic strata, contrasting well with the steady high underlie of the sharply bedded quartzites 
through which the river cuts its way obliquely. The general strike in both rocks is the 
same ; and the whole feature suggests that the gneiss has been formed, and peihaps faulted 
up, along a broken anticlinal axis of flexuie. It is near this line of distuibance that the 
copper mines of this locality occur. I was, of course, unable to visit and inspect them ; but 
by a curious coincidence I passed at this very place a number of coolies laden with foreign 
copper for Katmandu, which suggests that the native lcsources in this metal cannot be very 
great. Here, and at several other places where I saw abundant refuse of old copper smelt- 
ings, the work seems to be now abandoned. 

Prom the Sango bridge at Tamba Khoneh, along the Pinouni nearly ^ due north to 
Marku, and then up the Chit long valley to the north-east, there is an ascending section 
(obliquely) through the sharply bedded quartzites underlying steeply to east-35°-north. 
Wherever their composition is more eaithy, foliation is well maiked ; but I did not see any 
gneissic band. Towards the head of the Chitlong valley the strike of the locks becomes 
more easterly, up to the Chendragiri ridge, where it is east-16°-south ; and the rocks aie 
freely calcareous. 

The Chendragiri ridge oveilooks the Nepal valley, which is enclosed, except on the north, 
by rocks of the same description as those found here. There is, however, .nothing like a 
circular arrangement of the ridges or of the rocks ; the strike of both is most constant, 
between 15 p and 25° to south-of-east ; and the form of the valley is consequently most 
irregular— a number of longitudinal valleys, united in a central area by the suppression of the 
ridges, which are in some cases mere spurs running a short distance into the open ; others, 
again, as that of Kirthipnr, are neaily continuous across the valley: sometimes, as at Pash- 
pati, the rock appears isolated in the alluvial deposits. The south-west corner of the valley 
divides the Chendragiri from the Fhuichok range, on the same strike. Here at Katwald&r, 
the Baghmati leaves the valley through rocky gorge across vertical quartzites. It is a 
modoiately sized torrent, the watershed being confined to the ridges immediately sflrroundin* 
the valley, which is only abont sixteen miles long from west-north-west to east-south-east, and 
about twelve miles transversely, from Katawlddr to the base 9 of the Sheopuri range on the 
north. The alluvial area may be about 125 square miles. The elevation of K&tmandu is given 
as 4,500 feet. Pholchok on the south-east is the highest summit of the surrounding hills, 
rising to 9,720 feet. 

Bxeluding the Sheopuri range on the north, all the ridges skirting or abutting into the 
ImM Galley are formed of steeply folded repetitions of one set of rooks, in which, as already 
* nioateotts fagitdieat » very general. It often appears as limestone* in some force 
aeft W iWtas degrees uf purity, the summit of Phttbhok is of thick White mysW&r 
are found on Oheqdragiri and JTegarjan, both of which are 
The pure rock would thus seem M oeetir chiefly near the fmlifcf the Series, but 
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some single beds are found low down. The schistose limestone of which the monoliths 
of Katmandu and £atun ate made is quarried low down on the Kirthipur ridge at Chouibal, 
where it is well seen at the gorge of the Baghmati. Tbei$ are some thin bands of limestone 
also in the gorge at Pashpati. The prevailing rock is a peculiar massive, very line schistose 
quartzite with a trifling percentage of carbonate of lime, yet to this minimum ingredient is, 
I believe, largely due the physical condition of this mountain zone— its deep erosion, as ohiefly 
exhibited in the basin of the Nepal valley. This rock is very prone to decompose, by % e 
abstraction of the small calcareous element in it, and is therefore seldom found m clear out- 
crops. It is well exposed in the little stream at the north-west side of Sambunath. For 
the most part it forms at the surface an ocbrey sandy clay. When only partially decomposed 
it forms what might be called a sandstone (freestone). In this state it is quarried at the base 

of Nagaijan for building. 

<• . ~ 

From the frequent reappearance of similar rooks across a broad zone of more or less 
vertical strata, one might of course presume that there is repetition by folding; but this 
condition is independently established : both Chendragiri and Nagaijan ridges, and those 
flanking Phulchok, aieon synclinals. There would thus seem to be from the Pinouni into 
Nepal a repetition of the structural feature observed in the outer zone along the Rapti 
valley — an ascending section, only affected by minor foldings, through thinly bedded quartzose 
schists into a broad many- folded synclinal, in which an upper group of calcareous strata is 
frequently repeated at the surface. There is also sufficient likeness in the two series to suggest 
that they belong to the same formations, the most marked difference being the concen- 
tration of the calcareous element at the top of the southern section and its dispersion in the 
upper part of the northern one. 

I would further venture to suggest that this series may be the continuation of the 
Krol and underlying formations of the Simla region. The flaggy quartzites of the lower 
horizons in the Nepal sections would very fairly represent the thin silicious beds that form 
so large a part of the Simla slates, or infra-Blini zone. Cases have, moreover, been recorded of 
the Krol limestone being represented elsewhere by more or less calcareous sandstone : a re- 
lation quite analogous to that now suggested between the strong quartzite and limestone of 
Bhainsi Daman and the calcareous quartzites of Nepal. Katmandu is in^ about the same 
zone of the mountains as Simla and Almora, being only thirty miles in a direct line from the 
plains. There are two points of contrast between the section here and in the Siiftla region, 
supposing the rocks representative : the contortion and the metamorphism of the strata iu 
the latter position are local and partial, whereas in Nepal they are general and more or less 
complete. The limestone on the crest of the Chendragiri pass between Chitlong and Nepal 
is somewhat less altered than usual ; iu it I noticed some small facets of spar having a 
central puncture, and which I took to be orinoidal 5 but Dr. Waagen could not say positively 
that they were so. 

• 

On the north-north-east side of the valley the alluvial deposits rest against gneiss at the 
base of the Sheopuri range. The white patches so conspicuous along thie edge of the valley 
an slip-faces in this rock where it is deeply decomposed. It is a coarse ftlspathfe gneiss with 
much silvery mica and schorl. Its ddbris is a prominent ingredient of the vWley deposits 
at Katmandu. On the spar north of Bodhnath and that connecting Sheoputi with STagr* 
jau, one finds very fine mica schists, first alternating with, and then anoeaedfreg K the gneiss. 
The compression of the whole is so excessive and the underlie so variable, that it would he 
impossible to conjecture, without very detailed study, what Ufa n<wm«J older of the strata 
maybe. On nearing Nagaijan the tuvjerlie sets towards dtj bkt the flaggy quarfcsites of » 
Chitlong, whi# ggainly underlie thesjaloareous none, are net speoi&ftUy recognisable in the 
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abort section between the limestone and the gneiss. In crossing the range nprtLwajda, schists 
are frequently observed with the gneiss, always intensely crushed ; but the general strike 
of the Nepal rooks is maintained, fit Chitrali Powah, some height above the north base of the 
range, the gneiss is permanently replaced by schists, which here have a decided southerly 
underlie towards the gneiss. The valley of the Tadi and that of the Tiisal-ganga between 
Debighat and K the Nyakot sango are in these rooks, variously inolined at high angles, but 
Wjj^h an east-north-easterly strike. 

There seems to be scarcely any specific resemblance between the Nepal section and that 
in Sikhim, beyond the undoubted equivalence of the teiimry sandstones at the foot of the 
range. The slightly carbonaceous band at the base of the section in the Rapti valley cannot 
be directly identified with the coal-measure zone to the east, the associated rocks being 
quite unlike the Damuda sandstone, in which the crushed coal occurs at the base of the 
Darjiling section. Dealing in mind the great distance (more than 200 miles) between the 
two, it is, of course, quite possible that true equivalence may exist, but fiom simple petro- 
grapbical comparisons, the carbonaceous schists of the Rapti would be more like the similar 
lock in Mr. Mallet's Daling series, over the coal band. The chief discrepancy occurs, how- 
ever, in tue ascending sections : in one case we find massive limestone, in the other mhssive 
gneiss. It would be idle to speculate upon the possible reconcilement of those foatures 
irom such very scanty evidence. One may only notice that although the degree of meta- 
morphism has increased irom Nepal to Sikhim (if, indeed, the prevalence of gneiss does require 
this assumption), the degiee of disturbance is far less maiked in the latter area, 1 judging from 
published descriptions. 

It is truly vexatious to think that the settlement of questions of such wide scientific 
interest should be held in abeyance to gratify antiquated and baibaious official piejudiccs 
or customs. I met with the greatest civility from the few country-people with whom I 
chanced to come in contact. The obsti ucti veness is entirely on the part of those in power, 
who think their own dignity enhanced by exclusivoness. The officials at Katmandu weie 
most anxious to obtain from me some useful infonnation regaiding a sulphur mine recently 
discovered at the base of Gosain Than mountain, in the upper valley of the Timl-ganga, 
or rather in th^ main branch of that uver tint does not flow iiom the sacred lake; but 
nothing could persuade them to allow me to visit the locality. Their state of enlightenment 
in such Matters may be judged fiom the fact that they impoited from England a number of 
Davy lamps to counteract the effects of the noxious gases or vapours pei vading the mine, 
hut which I could not make out from their descnption to be of the nature of fire-damp. 
For much formal courtesy received I would offer my thanks to Sir Jung Bahadooi. 

To the foregoing sketch of the older rock formations I would add a few words regard- 
ing more recent deposits. I have said that the Nopal valley contains some 125 square miles 
of alluvial land, but in preoise language I am not prepared to say to what extent those 
deposits are alluvial or lacustrine. They are, on the whole, analogous to the JKarew&h deposits 
of Kashmir, as partially described by Major Godwin-Austen ; but there is here no present 
lake, however small, to suggest a formerly more extensive water basin. The sacred inyths, 
oC eottrse, record that the valley was once a lake, and even account in the usual miraculous 
HrWQT fa Its mode of origin ; so far as I could observe, however, the oldest temples were 
fSUridfd Coring the existing phase of the surface, which is one of arrested erosion of a 
deposit. The feature all over the valley is flat uplands separated by broad flat 
talliytk coded Tdnr and Kkola, and corresponding exactly to the Bhdngar and J tMiir 
ol UiNWfr plains, There is^pmeh artificial terracing where the upland flats pass 

tb* "WUtfawu i Wl tohwnrd only «M ***** k*™* 
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that mad$ by the actual course of the streams. Although, wherever a bend of the channel 
touches the edge of the upland, the side-erosion is still in progress, enlarging the area of 
the khola laud, the rivers are not now lowering their bed* If any change is in progress, it 
is the reverse ; the channels are very wide and shallow, and in some places at or above the 
level of adjoining cultivation. Such at least is the case above tho gorge at Cboubal ; below 
it the channel is more confined, as occurs when a river is deepening its oh&nnel in this * 
position the upper surface of the valley deposits must be 500 feet above the stream, which 
gives a minimum thickness for the formation. 

There are within tho valley three remarkable instances of the rivers having cut deep 
narrow clefts through rock-barriers. The one just referred to at Choubal is the largest, 
where the united drainage of the main area crosses the point of the Kirthipur ridge. There 
is another much, higher up on the Baghmati at Gaokar an, through the point of a ridgo 
flanking Sheopnri ; and a third at Pashpati, where the Bishenmati passes through a low 
isolated outcrop of rocks on tlio strike of the Nagarjan ridgo. They are mere clefts, narrower 
than are at all usual in fjie most confined gorges. One must suppose that the bygono con- 
ditions which produced them were in some manner special, and connected with the produc- 
tion of the alluvial basin ; u e. 3 they can hardly be accepted as remnants of the primitive 
channel of tho Baghmati valley, before that simple feature of denudation had been con- 
verted in its upper area into a basin of deposition. 

It may *be presumed that the valley of Nepal is a true rock basin— that tho rock- 
surface beneath some considerable portion of the covering deposits is below the level of the 
outcrop at the head of the gorge of outlet. It would scorn indeed to comprise a series of 
sncli basins : if tho clefts through tho several ridges, as described in the last paragraph, wore 
filled up, this would certainly be the case now ; and that such has been the case there can bo 
no doubt, for the beds now forming the adjoining terrace-land abovo those gorges could not 
have been formed had these outlets been then available. Thus tho excavation of these 
rock-gorges by the existing rivers accounts for tho present features of tho valley deposits, 
and gives some measure of the antiquity of those features. 

The fact of a rock-basirf, even of considerable depth, does not involve a water-basin. 
This would depend upon the relative activity of the production of the barrier and of the 
accumulation of deposits above it, which cannot be independently determined. The question 
must be settled by observation as to whether the deposits are alluvial or lacustrine, and 
of this the evidence is not very fixed or easy of application. The degree of horizontally 
is one of tho best tests, but needs much caution and accuracy in applying it ; the slope at 
which true alluvial deposition may tako place being so small, and there being always a chance 
of a very slight movement giving a tilt to originally horizontal layers. There is, indeed, 
sufficient evidence that some such disturbance has affected these deposits in Nepal: at 
several points, south of Btiatgaon and in the K&twald&r area, along the south side of the 
valley, near the base of the bills, I observed dips as high as 15° in fine deposits, directed 
from the mountain. 1 could find no such occurrence in exactly similar deposits along the 
north edge ef the basin. It would seem as if tbe action which originally formed the rock 
basin had been again, or still, at work after the formation of some of the highest beds. 
Major Godwin-Austen records a similar feature in the deposits of tW Kashmir valley : 
a dip of 80° and upwards on the south and none on the north (Quartedy Journal, Geological 
Society, London, 1864 p. 383). , o 

There is, however, one observation Rowing that at msny $ifbrent levels the surface 
at the time of ^nation was not a submerged one, Bede ef on impure peat are of 
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frequent occurrence. I noticed them at the lowest Levels exposed in the gullies close above 
the K&twaldAr gorge, and near the surface of the uplands north of Katmandu! «nd not 
confined to the edges of the valley* Thin layers of the same kind occur in Kashmir; but in 
Nepal they are thick, and pure enough to be much used for burning bricks. Such deposits 
are only compatible with swamping, such as is an ordinary concomitant of alluvial con- 
ditions. There is another deposit of extensive occurrence in Nepal, and of which I find no 
mention elsewhere. It is a fine stiff blue-gray clay, which is very extensively used all over 
the valley as a manure. Although it commonly contains particles of carbonized vegetable 
fibre, the little organic matter in it can hardly account for its fertilizing properties. This 
would seem to be due to the presence of phosphate : I noticed that blue specks of vivianite 
are freely#scattered through the clay. 


It will hardly be believed that I obtained no fossils from such deposits as these^ I 
never was near a section without having a look out for shells, and I examined several spots 
carefully, without any success. This may be another argument for the alluvial mode of 
formation of the deposits, for cort&inly this process is not propitious to the preservation 
of organic remains. In extenuation of my failure I would mention that one of our best 
known Indian naturalists (Brian Hodgson) was for many years Resident of Nepal ; he cer- 
tainly would have at least noticed and recorded the fact had he observed any in the sections 
that confront one in every direction. The case is the more remaikable, since Major Godwin- 
Austen (in 1864) describes land and fresh-water shells as abundant in the Kashmir deposjW 
So at least it is in the south-east side of the valley ; but in his first paper on the subject (in 
1858), derived from observations on the north-west side, he lemarks — “ in all my wanderings 
amongst the Karewah Hills I never was able to find the slightest trace of a land or fresh-water 
shell in any of the many sections I have examined.” I would urge the matter upon the 
attention of future dwellers in Nepal. The remains of mammalia or of plants would be 
specially interesting ; and both might be expected to turn up occasionally in such beds as the 
peat and the phosphatic clay. 


There is no temptation to attribute the rock-basins of the Nepal valley to glaciers. 
Even if it were proven that glaciers had extended to a much lower level, the form and 
conditions here are not such as would result from or account for the existing features 
through that agency. The valley is not in the course of any main drainage line ; on the 
contrary, the watershed is closely restricted to the hills immediately surrounding, none of 
which are of gieat elevation. The valley is only a local exaggeration of what has occurred 
generally along this mountain zone. I have said that along the strike in both diieotions 
special denudation has taken place, which I have attempted to account for by the nature 
of the rocks; and in both directions we find the valleys moie or less filled with deposits 
exactly like those of Nepal. The phenomenon is longitudinal with respect to the mountain 
s) stem ; and can bo rationally understood as the effect of compression. The local yielding 
might be induced by the speoial excavation along this zone and the effect would be a 
relative elevation of the ridges on the down side, producing rock^basins. It is an illustra- 
tion of a process I appealed to last year iu explanation of the cretaceous rock-basins in the 
QWPO pills (Iiec* Gcol. Surv. Xnd., voL VII, p» 62). * 


Although rejecting the intervention of glaciers in connection with the Nepal valley, I 
tMW puzzled with what I took to be glacial evidence elsewhere* Etoundah 
Dun exactly facing the gorge of the BaptL The ground nil about is Strewn 
U P to 10 feet cube, prind$ftty of course gneiss, high and dry above tbs 
|m* vfrer, in which no sosh blocks tye now to be seen. I came to the opinion 
|f* glacial erratics; although the elevation of the locality i^robably well under 
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1,500 feet. . Proceeding up the valley 1 dicl not notice any such blocks up to Nimbuatanr, 
where the bottom of the valley is quite choked with an accumulation of similar blocks. 
These I took to be a later moraine deposit* Above this they become gradually concealed, as 
it seems, beneath lighter detritus, over which the stream runs for some way, and which 
passes into a great fan-deposit stretohing across the valley from a lateral gorge on the east 
just below Bimphedi. Here the main branch of the stream runs upon rock at a much 
lower level, passing by a steeply cut channel along the west side of the valley. No great 
blocks appear in or upon this diluvial fan. 

The case was not a little complicated at first by the fact that, along the whole valley 
of the Rapti and np to the crest of the Ohessa garhi ridge in which it rises, no gneissjc rook 
was observed in place. The first rock of this kind crossed on the road is some way down 
the northern side of the ridge. The strike of the rooks, however, would take this gneiss 
into the ridge east of the road well within the head-waters of the Rapti ; and from this 
source, it must be presumed, all the aforesaid erratics were derived. The highest point of 
the watershed of the Rapti must be under 7,000 feet. 

It would hardly have occurred to me to question the glacial origin of those immense 
boulders had I succeeded in finding any confirmatory evidence of glacial conditions in the 
higher mountain region. If the Rapti valley were ever occupied by ice, the whole country 
to the north must have been in a similar state. Yet I have to record that throughout the 
rest of my trip»I failed to find any symptom of such conditions. Thinking that the valley 
deposits of Nepal would be younger than the glacial period, and might cover its most 
characteristic remains, I searched for such at the deepest point of erosion* about K&twald&r, 
but without success. I was more surprised, and should have been so independently of the 
suggestion in the Rapti, to find no signs of glacial action in the Trisal-ganga valley at 
Nyakot. This is one of the great rivers, draining from the Gosain Than, a peak of over 
26,000 feet in elevation, and it must now be fed by immense glaciers : yet in a length of 
six miles, from Nyakot to Debi gbit, I could find nothing to suggest glacial action. It is 
true the same excuse would apply here as in Nepal ; this portion of the Trisal-ganga valley 
is occupied by deposits, well stratified and with peaty layers very similar to those about 
Katmandu, the river only touching rook at a few points ; still it were marvellous thajyao 
trace should be seen of such a glacier as must have lain here had the ice ever advanced 
to Etoundah. 

Despite all this want of confirmation, I cannot declare finally against the glacial origin 
of the Etoundah erratics. I know that torrents can do wonders in the way of moving large 
masses. Bat it does not appear that the Rapti can now stir such blocks as these, much 
less pile them together as they are at Etoundah. The great block noticed in the Ohuriaghati 
pass may be a straggler from the Etoundah rocks, though I could not see any like it on the 
northern slope of the range. * 

I trust that these crude notes will be of some service in guiding future visitors to Neptfl 
Even incorrect suggestions may lead to observations that would otherwise have retn^ieed 
unnoticed* 


A*$u*t 1875. 


H. B. MEDLICOTT, 
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Tbs Raioabh and Hinoib Coal-told, by V. Ball, h. a., v. a. 8., Geological Survey 
- qf India. 

( Second n otiee.) • 


Intboductiok. 

* I 

The following account refers to the south-eastern extension of a very considerable 
tract of coal-measure and associated sedimentary rooks which is situated in the south-west 
frontier districts of Bengal, and some of the north-eastern districts of the Central Provinces. 
The limits and consequently the contained area of this tract are at present imperfectly known, 
but not improbably the latter exceeds 5,000 square miles. To the whole the name south- 
west fftntier coal-field might be given ; but for convenience in the description of certain 
portions which admit of separate treatment, such names as Bisrampur apd Raigarh-^Hin- 
gir have been employed in previous accounts. 

The name R&igarh — Hingir was first adopted in 1871 as being less likely to mislead 
than the old name G&ngpur,* no portion of the field being in Oangpur proper. The exten- 
sion of the coal-field, as ascertained during the past season, has not rendered any further 
change of name desirable, the States of Raigarh and Hingir being sufficiently centrically 
situated in the now known area to furnish a suitable local name ; but the fact that the area 
so indicated is not an isolated coal-field should not be lost sight of. To the west, through 
Udipur, the coal-measures or their associated rooks spread continuously to Koijba in Bilaspur, 
while to the north, through Sirguja, the connection is unbroken up to Rewa and the borders 
of Mirzapur. § 

The Takhir coal-field, t though quite detached, is only a few miles distant from the most 
eastern points of our field, and may not improbably have been at one time connected with it. 


The area occupied by that portion of the coal-field to be described in the following pages 
has a very irregular outline. Save for two narrow prolongations which extend to the east of 
the Ebe, it may be said roughly to commence in the angle enclosed between the Ebe and 
Mahanadi rivers a few miles to the north-west of Sambalpur. Thence it spreads in a north- 
westerly direction, the southern and south-western limit being defined by a well marked and 
in §art faulted boundary. On the north-east, for about twenty miles, the boundary has only 
been partially examined, bnt sufficient is known of it to show that it is of an unusually com- 
plicated and obscure character. Originally it is not improbable that the extension of the Bar&- 
kars was limited by the tolerably regular cliff of a low plateau of metamorphio rocks ; but at 
the present time a considerable thickness of a newer series of rooks laps over this boundary 
and forms the hilly and difficult country of northern Raigarh and Hingis, thus concealing the 
edges of the Bar&k&r rocks. 

The reasons for supposing the Bar&kars not to have extended much further north 
are, that in a line with the boasting, uncovered metamorphics«of the north-eastern corner of 
the field, exposures of the same rook# are found at intervals, as we proceed westwards, paving 
the deep-out valleys between the ranges of upper sandstones. 


How far these upper sandstones stretch northwards through Serapgarh Is not known. 
It k possible that they conceal some small detached basins of Barik&rs. Thus for for twenty 
typffoi of the northern and north-eastern boundary, but for thirty miles further, until Rabkob 
00 Maud in Bdipdr is reached, no northern limiting metamorphio rocks have been met 
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la the present account the coal-measure rooks which occupy the valley of the Mand 
and stretch thence to Korba are not described, as they have not been fully examiipd. 
They extend over a considerable area and contain many aC%ms of coal. 

I.— -General Geology. 

Thwrocks which occur within and in the vicinity of the coal-field belong to the follow- 
ing series and groups 

Metamorphic Series. 

Vindhyan „ 

Talohir „ 

Damuda „ 

Bar&kar Group. 

Upper sandstones or Hingir Group. 

Laterite. 

The rocks of the metamorphic and Vindhyan series, which surround and underlie the 
coal-field, are not described at present, as the examination of them has been limited to the 
immediate vicinity of the field, and no goneral exploration of them has been yet attempted. 

The Talchir series does not in this area attain any groat thickness. Probably 250 feet 
is its maximum, but this estimate, in the absence of reliable data % is, it must he admitted, 
purely conjectural. 

The rocks constituting the Barakar group are, 1 believe, of much less thickness than in 
the Damuda valley coal-fields ; but there are no sections which would justify any definite 
statement. 

The upper sandstones, for which the temporary and local name of feingir group is used 
without prejudice to their future relegation under one of the titles used for similar rook 
elsewhere, may in places exceed 1,000 feet, but that is, 1 believe, a fair average. It has been 
arrived at from the measurement of horizontal beds from the level of the Bai&kara to the 
tops of the highest hills. 

The thickness of the laterite seldom exceeds 60 feet. Generally it is mueh less. 

II. — Talchir Series. 

Within the area under description, the rocks which belong to the Talchir series do not 
anywhere attain any very great importance either as regards their thickness or the area 
occupied. As to the amount of the former, only an approximate and very rough estimate 
has been offered, no measurable section being exposed. Of evidence of faulting along the 
boundaries, except in the case to be hereafter mentioned, there is none. On the whole, it 
would appear that the representatives of this series merely occupy originally shallow and 
more or less detached depressions in the metamorphic rocks, and before any marked disturb- 
ance or denudation took place, were covered up and overlapped in most instances by the 
Bar&kars. One well marked case, at least, occurs, howeve^ where Takhirs are immediately 
superposed by the upper sandstones, no trace of intervening Bar&kars being found. 

In their lithological characters the Talchirs of this area conform closely to the well- 
known types, as will be seen from the following detailed descriptions. 

For purposes of reference it will be convenient to refer to the several area* of Talchir 
rooks which occur along the margin of the coal-field by the names of the principal tillages or 
rivers within their limits. Thus denominated they would stand under Ihfafring heads :~~ 
Sasto— Bbmra. This area occupies an irregular strip of country stretches from 
a few miles east of Sasun* westwards to beyond Bemra, in all for a distance of about 
twenty s&iles, and with a breadth of fromihree to six miles, 

— — — ’ » — -I 

* Bason is about sight mile# north of SSttibalpUr: 
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i : In the neighbourhood of Sasun the rocks arc much concealed by alluvium aqd latent^ 
mifl the exact position of the eastern boundary is from this cause somewhat uncertain. Both 
t6 the north and south of Sasun sjiort sections of sandstones and shales are seen. Some of the 
beds of the former are tolerably thick, and one, a bluish-grey fine-grained rock, has furnished 
both building, .stone and material for vats used in lac manufacture. So far as ills seen, the 
boundary appears to be quite natural, folio wing*the irregular edges of the basin o# deposit. 
West from Sasun, and on both sides of the Ebe, laterite conceals the Talchirs to a very con- 
siderable extent ; though in this particular section of the country it is not abundant on 
the elder rocks. There is sometimes, for several miles together, a most remarkable coincidence 
between the Talchir-gneiss boundary and the edge of the terrace-like spreads of laterite. 
So much is this in some places the case, that one can follow the boundary with the eye 
6pm a distance by means of the raised banks of laterite which terminate abruptly at the 
junction of Talchirs and gneiss. Of the cause of this I am at present unable to offer aeven 
a plausible explanation, and must therefore confine myself to the simple record of the fact. 

The greater part of the bed of the Ebe, where it traverses these rooks, is one unbroken 
waste of sand ; but there is a short section of sandstones and shales, with a dip of 8° —15° to 
north-north-east, at the bend near Mangalpur. Here, too, in the bed of the ohannel, there is 
a boulder bed, the boulders in which are not very numerous nor of large size, but they can be 
seen sticking out of the silt here and there underneath the clear waters of the river. 


In the country to the west of the Ebe so complete is the covering of laterite, that 
exposed outcrops of Takhir rocks are only very occasionally met with. In the eastern 
branch of the Kadam river at Gorgodaand Bodopali, and in the western at Biuki and Bolunda, 
there are short sections, and the existence of a spur of metamorphic rocks running into the 
main Takhir area is rendered apparent. Half a mile north of Binki there are seen, in the 
high ground, shales and thin sandstones with a dip of 30° to north-east which has been 
caused by some very local disturbance. 


At Bemra (Bemda of map) there is an inlier of metamorphic rocks whose boundaries 
are much concealed by laterite. From this westwards, the Bar&kars, which first appear over- 
lying the Talchirs at Telunpali, gradually lap over, and before Borkhol is reached all traces 
of Talchirs at the southern boundary have disappeared. This total disappearance is, however, 
probably not exclusively attributable to overlap, as the boundary appears to be a faulted 
one, and ft portion of the originally existing Takhirs may have been cut off. In the stream 
west of Dagarmunda the Talchirs for a short distance dip away from the gneiss at an angle 
of 60*. 5 


A small outlier from this area of Takhirs exists in the valley of the Ebe near the vil- 
lages of Taldi and Terda. Tbe rocks seen are shales and sandstone. 

This area covers something under one square mile, and was in all probability, judging by 
the character of $m CUtrounding^gountry, originally, as it is new, quite detached from the 
main mass. \ £ 

$orth of the strip ofTricbir* men- 
' » * secW i^ bf the field crosses the bed of the Elm. 

gh Barika& ui^ seen, indication* of underiyin* .aria not 
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Apparently disconnected from this patch, Tahshirs sgain strop oat from beneath the Bard- 
kars in the bed of the Ebe below Ramesaiyw here thereof green sandy shales with a low dip 
to north-east. Farther east, in the village pC Butrap*li,tqpd&tones oome to the surface, To 
the north-east of that Tillage, in heavy jungle, there is a ridge of pseudomorphie quarts which 
is not improbably connected with some faulting* but 1 failed to discover its character owing to 
the laterrte covering. South-east from Putr&pali, along tha boundary, small outcrops of shales 
are seen at various points ; and beyond Burimal, in the high ground, there are some consider- 
able lenticular masses of limestone included in the beds of silt. Further east from this, de- 
tailed examination was not continued, but Talchir rocks were observed at Bursipali and 
Rurimoul. 


Rajpttb. — O n the northern boundary of the above mentioned spur, Talchir rocks appear 
in the vicinity of Raj pur, especially in the Godadianear its junction with the Baisunder, where 
there* is a short section of shales and boulder bed, the latter resting naturally on gneiss. Iu 
the Baisunder, too, close %o the junction, there are some sandstones with a dip of 6° to the 
south-west. In the bed of the Ebe the rocks are for the most part concealed by sand ; 
but at Degam, on the western bank, there are short outcrops of shales and sandstones. 

To the south-east, at Sibgaboga, some fine sandstones and shales are exposed, otherwise I 
there are no other outcrops, and it would appear that at Chaltikra the Talohirs are completely/ 
overlapped by Bar&kars. 

Gaboaxbal. — Further north a narrow strip of Talchirs occurs on the boundary nea 
Garganbal. The lowest bed is generally formed of arkose, as I found to be the case a littl/ 
further north at Kosira on the Baisunder.* It rests naturally on the gneiss. 

Saaibulfuri.— Passing now to the southern boundary of the field, a narrow strip a 
Talchirs is met with between the villages of Jamga and Laka. In some places, as to th( 
south-west of Badpali, they dip away from the gneiss at a high angle. Sambalpuri is situatei 
at about the centre of the area, and in its vicinity are the best sections. In some the 
beds dip at a high angle from the boundary. 

A little beyond Laka these rocks, are overlapped by Bardkars, which are again, them- 
selves, covered up by the upper sandstones. 

Still further west is the area which may be conveniently indicated by the name of the river. ' 

Ktjeket. — On the east and north the Talchirs of this area are bounded by the upper sand- 
stones. Possibly the eastern junction may be faulted, but it has not yet been fully examined. 
On the west they are bounded by Bardkars and on the south by gneiss. Close to Lotan there 
is a fine boulder bed. * 

III.— Davuda Series- BabXjeab Gb6uf. 


In describing the Barakar rocks of this field, we have to deal with a number of detached 
or semi-detached areas. Thoge op the north have been partially or fully describe in the 
already published report on the Baisunder and other river sections, and the arsa m ^ie 
Mand valley, and thence westwards, has only been partially examined. 

Baisunder section were visited during the past season, they will not be 


'■▼awui fr oar f it* Ebb aiuu.— Comme^jpg on the ' extreme -«b& of ; 
atoft 0-f this area, * $h*ow or spur of Bardfear rocks is 

whf&re and much comsedl^L by snpe# 

the| mctafporphies, 

• FWe Records Geological Survey, India, 1871, p. IQfo 
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pletely overlapped. On the south, however, there are indications all along the. boundary, 
frpta Bursipali to the Ebe, of underlying Talchirs. 

Proceeding westwards, the northern boundary is found to strike obliquely across a great 
loop bend of the Bonum river at Chalitikra, but the lowest seen sandstones there seem to be 
Talchirs. Between this loop and the Ebe, the country is very hilly and uneven. The rocks 
are coarse sandstones and conglomerates, some of the beds being of considerable thickness. 
As seen in the neighbourhood of the old fort of Bampur, in the Ebe section and in the 
country further west, some of these rocks resemble the upper sandstones of the Hingir 
gioup ; but after full examination I am inolined to refer them to the Bar&kars. Brown 
hematite iron ore is very abundant, and especially so to the east of Bamesur. It does not 
appear there, however, to constitute any definite continuous bed, but to occur rather in con- 
cretionary nests and bands in the sandstones. Fragments of ore from this source spread 
over a considerable surface, and give the appearance of an abundant supply? especially ifi the 
valleys where they have accumulated for ages. Iron is manufaotflred at Chahtikra, and was 
formerly at Bampur, where there are still considerable heaps of slag to be seen. 


Some of the conglomerates aeenheie consist of pebbles in a matrix which is barely suffi- 
cient to bind them together. As this matrix is often removed at the surface, the hills of 
conglomerate look simply like piles of loose stones, not a sign of consolidated rock being 
apparent. The bed of the Ebe affords no continuous section of these rocks, the few outcrops 
being for the most part separated by long stretches of sand. As, moreover, the beds are here 
horizontal, or neatly so, nothing of importance regarding their thickness can <be made out. 
Opposite the mouth of the Bonum rivey a cliff of sandstones covered by conglomerate rises to 
a height of from 50 to 60 feefc. These rocks, though not exactly like the usual types of Bar&- 
kars, from their position and physical relations, should, I think, be referred to that group. 
The rocks of this horizon can be traced north and south over about ten miles, from the neigh- 
bourhood of Cherla to Bograchaka ; they form long low ridges with a very slight dip to the 
west, which carries them under the more typical Bar&kars containing coal and some ironstones 
which axe about to be noticed. Between the Ebe and the boundaries of the upper sandstones 
underneath which the Bar&kars disappear, rivers and streams occur in abundance, but in two 
only have any traces of coal been met with. 

This Lillabi Biveb. — This river, like many others, takes its rise close to Hingir, and! 
joins the Ebe, after a course of about twenty-five miles, near the village of Balput. Following 
it up from its junction, in the first two miles or so, metaxnorphic looks only aie seen, but 
beyond them Bar&kar sandstones are exposed, and appear at intervals up to Durlipali, where 
theie is a seam of carbonaceous shale .and coal, of which the following is the section. 


descending 


Top denuded. 


I Slightly coaly blue and black shales 

2. Black carbonaceous shale with flaky coal ... • 

3. Concretionary blue Bhaleg 

4. Coal (Vide Assay, p 120) contains much iron .. 

5. Blue concretionary shale with coaly layers towards top and 

bottom .. ... * ... ... 


6. Skty carbonaceous shales, portions coaly 

7. Ditto ditto the coaly portion confined to thin 
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Coal frosir No. 4, brought to camp, burnt indifferently, leaving a considerable asb. From 
No. 9, the coal is much better ; a garah Ml when roasted gave out a luminous flame 18 inches 
long (with a 1-inch diameter burner) which listed for an hour. Most of the residue was par- 
tially caked. Higher in the section there is a bed of tesselated ironstone which seems to be 
continuous at that horizon, being seen again at Choakani, five miles to the north, and also In 
the intervening country. North of Kodaloi there appears to be a second ironstone zone 
which includes a better quality of stone. This zone is also seen further south, one 
mile to the west of Bugonathdera. The rocks throughout this region are muqh concealed by 
lateiite. 

Two miles further up the stream, near Khairkoni, the top 2 feet of a coal seam are 
geam exposed. For four miles further, up to Ch&mri-mahal, the bed of 

the river discloses a much broken section of sandstones and car- 
bonaceous shales, which m ulaces roll slightly, but are otherwise horizon tal . Beyond this the 
sandstones of the Hingir Jroup are alone found. 

Bagdia Riveb. — About half a mile from Ailepur (Lakenpur) the top of a scam is seen 
in the river. Owing to water and shifting sandl could do no more 
than prove the existence of at least a foot of fair coal which burns 
freely, leaving a flaky ash. What the total thickness of the seam may be it is impossible to 
say at present. In the country to the east there are some ridges of ferruginous sandstones 
which may, perhaps, be in part prolongations from the main area of upper sandstones, but I 
was unable to separate them from the underlying Bar&kars with any degree of certainty, leav- 
ing for the present the description of the strip of Bar&kars which extends from this neigh- 
bourhood through Borkhol along the south of the field, that which occurs along the north- 
eastern boundary may be most conveniently disposed of. Close to Ratakand, a small village 
on the Godadia, the BaiAkars, which further south are covered up by the sandstones of the 
Bilpahari range reappear, and form an irregular strip which is continuous up to the Bai- 
sunder, where the coal-measures, described in the previously published notice of this field, 
oocur. On its eastern side, the B&r&kars occupying this strip rest naturally upon the meta- 
morphio rocks, an arkose bed being not unfrequently found at the base. On the western 
side the irregular outline formed by the foot of the upper sandstone highlands of Hingir 
constitutes the limit of exposure. In the river at Ddldnga, to the south-south-west of the 
village, there is a coal seam of which the following is a section 
of the portion seen, descending 
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K> i To the norti ^f the vill^ there is a seam seen, At the road oiusstng, Ihich contains 
eJkmt.six feet of coalyshaleaiid coal, the dip being &° to south, tn the section of rooks Mow 
this, that is to say^ farther up the^fcream,the boundary is seen to be perfectly natural* gneiss 
being exposed inihe bed anti sandstone in the overhanging banks* From this northwards 
the relations *df the rooks are for the most part obsonre and the western boundary is very 
intricate. In the Bardkars to the south ofKiripsira, black shales and ironstones occur; On 
the 6argonbal . jand Bagbnxa road* east of the boundary, in the first stream crossed, there is a 
had of arkoso^which seems to be detached from the field. Beyond it for the next mile or so, 
the granitic gneiss rocks which occasionally appear are much covered by loose boulders which 
in their miscellaneous and foreign character resemble those found in the Talchirs. In all 
probability they were derived from a Talohir boulder bed of which no other trace is left now. 


Southern Boundary.— Passing now again to the south boundary, at Borkhol # In 
speaking of the Talchirs it has been pointed out that they disapp^pir on the boundary at tin's 
point, being much overlapped, and having probably been in part out out by a fault which appears 
to have formed the present southern boundary and limit of the field. At Singapur the 
area occupied by the Bardkars does not exceed about half a mile in width, and as they rest 
nearly horizontally on Talchirs, the evidence of extensive overlap by the upper sandstones is 
complete* West from Borkhol, where the Talchirs are not found on the boundary, their 
apparently diminished thickness might be attributed to the fault having cut out lower beds, 
but here it is quite clear that, unless there has been great natural and original thinning out of 
the upper beds of the Bardkars which are seen in the Ebe valley, their edges must be com- 
pletely overlapped by the upper sandstones. 


From Borkhol the faulted boundary runs in a steady north-westerly direction for 
Dearly forty miles, and with it for thirty miles, a valley which presents a wonderful 
degree of uniformity throughout. On the one side, outside the fault, are ranges and some- 
times low ridges of metamoiphic or other old rocks, on the other the scarp of the sandstones 
forming the Hingir plateau. The bed of this valley being coincident, or nearly so, with the 
base of the upper Sandstones, the Bardkars, and sometimes the Talchirs, form the floor! 
Although many rivers and streams cross the valley at right angles, there is such an accumu- 
lation of superficial deposits, that sections, showing the character and relations of the rocks 
are of extreme rarity. * The bottom of the valley, almost throughout, may be described as one 
succession of paddy fields* The origin of this state of things is quite obvious. The v all ey^ 
in the first instance, scooped out by lateral streams along the faulted junction, has subsequent- 
ly served as the repository of the solid substances brought down by the rivers, which, coming 
from the highlands of comparatively soft sandstones, find themselves suddenly arrested by 
tbe metamorphic rocks through which they have only been able to cut narrow gorges. 


At Rifkholltijdf norocke are exposed in tbe valley; but further west, south of the 
village of Burge, sandstones and gneiss are seen in close proximity to one another, though 
Do actual contact is exposed. To the west of J£utrapali there are some ferruginous Bardkar 
with ironstones, which abb extend northwards up into a bay to the north of the 
Pr<Kseeaihg in %!sstoe direction thl same rock* are met op tb Bibdorah, with the 
■ i edditio^ at that place, ofcoal Which mops out whowu 1 the 
^ .f;' : iS« • 
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Higher up&he river^dose to the loot of SW the upper sandstone* which are 
described on a following page, the Dewan printed out to me gome fragments of 

carbonaceous shale which he said had heafc tNfe for sevesal^ears. Whence they came I am 
quite uncertain. There may possibly be « jimm «t the foot of the falls covered up by water 
' and fallen blocks. Certainly in its higher reaches the river does not cross any Bar&kar rooks, 
and 1 found no trace of carbonaceous matter in the stream above. 

Between Jhargaon and Dibdorah, the sandstones, wherever seen near the boundary, as 
also the coal at the latter place, exhibit no trace of great disturbance at their edges, having, 
apparently, when faulted, gently subsided into their present position. Neither at Dibdorah 
nor Jogidhipa are junctions disclosed by the rivers. Between Dibdorah and Jogidhipa the 
Bardkars are of the same character as those between the former%nd Jhargaon. 

At Jogidhipa, the scarped hills, which further east marked the limits of the upper beds, 
locally dife away, and physically it seems possible that the rocks exposed for some distance to 
the north might he Bardkars, but lithologically they appear to belong to the upper group. 

Continuing along the valley we find at Lipuspali, north of the village,' dark colored sand- 
stones which appear here to form the base of the upper series. No Bardkars are seen, though 
they doubtless exist under the alluvium. Before reaching Manwapali, Talchirs are found to 
come in again, forming a narrow strip along the boundary and leaving but very little room 
for the Bardkars to occupy. 

In the Supnai west of Bhogra (Basunpali of map*), at the base of the section, there is a 
short thickness of sandstones, apparently Bardkars, which dip from the boundary at an angle 
of 30° to north ; the overlying rocks, too, are also locally disturbed. Between Bhogra and Sum- 
buljmri the position of the Bardkars is marked by ironstones, which are seen near the village 
of Badpali. At Sumbulpuri, if the coarse grits seen in the river section dipping at angles of 
from 30° to 45° from the boundary be not referable, as seems probable, to the Bardkars, 
then that group must be here reduced to very narrow limits. At Danot the upper rocks 
come close to the north of the village, while Talchirs crop out ou the south ; but there is 
room for a small thickness of Bardkars. In the Kelu section between the gneiss on the one 
hand and brownish-red upper sandstones on the other, a concealed interval affords room for 
both Talchirs and Bardkars. One short outcrop of Talchirs is seen close to the road crossing. 

Had I not known something of the upper reaches of the Kelu, the occurrence of frag- 
ments of coal in the bed of the river, as it issues from the upper sandstone hills, would hare 
been a puzzle involving much fruitless search. It is evident that these fragments have 
travelled from the seams which the Kelu traverses far to the north near Tamar and 
Jhargaon. 

Between Laka and Cheripani, an interval of only about 150 yards exists between these 
upper sandstones and the Vindhyan quartzites. In this interval laterite" and a recent 
conglomerate are the only rocks seen. Further west from this I did not meet witl^ tbe 
slightest trace of Talchirs, and the lowest sandstones seen are not, I think, Bard* ‘ 90 
that both series are again most probably cut out by the fault which hence, 
between quartritee of Vindhyan age and the sandstones of the Hingir v ! ; 

Garjan abba.— To the north, under the Garjan hill fo ' ^ 

roek^ prohably Bardkars, are exposed in the streams* This area has not ^examined as 
yetindetail. { >'■ ^ * : T‘ > i : 

V. Raigaeh aw^This It to area of Bttdb* npwar^; : " 

'e# 200 square miles have been exafoifisil,''!'tt is ^ 

U 'li n ' jiin i m i y" , .i i"' i )i « »^. i » ■■ ■* ; ^ f " 1 ! 1 > ^ ^ ^ ^ ‘ ^ >‘ i > i 
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Btigarh. On the east, south and west it is surrounded by hills formed of Ike upper sand* 
styles, under which the coal measures pass. 

To the north the limits have pot yet been ascertained, but from the seotions whioh bfeve 
been examined, and from the general physical structure of the country, it is probable that, 
with a few exceptions in the valleys, where contacts of the Bar&kars with the underlying 
metamorphics are exposed, the edges of the former are overlapped by the upper sandstones. 

, Tn tins central area, the Bar&kar rocks, which from their positiop are probably the top 
measures of the group, differ materially from those met with in the Ebe valley to the east. 
Instead of coarse sandstones and conglomerates, there are fine sandstones with much 
carbonaceous shale and some coal. In all probability the coarser rocks occur below, and 
indeed to the north sofhe of them are seen cropping out towards the boundary. In the 
Baisunder sectionf, on the other hand, it would appear that the coarser rooks never were 
deposited, as only a small thickness of sandstone and arkose intervenes "between the Carbo- 
naceous shales and gneiss. 

In the western part of our area the Karket river collects the drainage and affords 
tolerable, though much interrupted, sections. 

Karket River Section. — That portion of the Karket which traverses the upper sand- 
stones will be found described on a following page. In so far as the Bar&kars are 
concerned, it is only necessary to describe the descending section which is exposed between 
Bdi&mund& and Karamakel. 

The highest rocks seen are some sandstones with three hands of carbbnaceous shale, 
which measure respectively 2\, 3'. and 3'. 6/', the dip being 5° to south-west, which carries 
them under the horizdhtal upper sandstones. Some ironstones seen to the south of B6i&- 
munda, but not exposed in the liver section, not improbably constitute the top beds. 

Not far from the mouth of the Katang stream the top of a coal seam is exposed which 
measures about one foot. For about half a mile north of the Katang there aie massive sand- 
stones, the relations of which to the more typical Bardkars are somewhat obscure : at first it 
appeared probable that they might be upper beds resting in a flat synclinal, but subsequently 
seen cases of similarly situated and similar rocks, suggested that they were only locally inter- 
polated beds. 

Beyond these again there are thin bedded sandstones with shales more or less carbona- 
ceous, having a low dip to south. Less than half a mile to the 
south of Suadera thore is a coal scam which contains only eight 
inches of good coal with a dip of 5° sonth-west. 

From this up to the mouth of the stream which rises in the Duldulla H. S., .the only 
locks seen arc thin bedded sandstones and carbonaceous shales, which vaiy a good deal in the 
direction of their dips on either side of south, but not much in the amount, never ranging 
above 10.° There is nothing that can be called coal exposed in this portion. 

At the stream, however, there is a seam of which the following is a section 
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The pver&ing bed of sandstone is seen tower downifhe river to break up into several 
smaller ones in consequence of the interpolation of carbonaceous shales $ thus bearing, out 
the view taken abote of the bed seen near the mouth of tye Katang. 

Further north from this 1 did not continue detailed examination, but fragments of coal 
are abundant from the higher reaches* and the Barikars extend at least as far north As the 
valley surrounding Kurmukel (sheet 59 a* old series). 

In the Katang stream, from KaSBia to its junction with the Karket, there aft carbona- 
ceous shales with sandstones, and the massive bed previously mentioned. Some fragments of 
coal were seen, but no exposed seam could be found. 

Throughout the country between the Earket and Pazar the roqks are much covered, and \ 
there is nothing of particular interest to he noticed. * 

*Pazab, Rivas Section. — At the junction of the Bar&kars and upper sandstones, where 
this river enters a gorge through the hills to the south-west of KaBdol, the former show signs 
of local disturbance, and the bed, which is a few feet from the junction, dips away from under 
the overlying horizontal sandstone in a manner which is suggestive of unconformity. There 
being^no actual superposition, this section cannot perhaps be considered conclusive, and causes 
other than original unconformity may have produced the present appearance. Taken in 
conjunction, however, with other evidence of unconformity to he given further on, this section 
assumes some importance. A short distance up the stream there is a seam of which the 
following is q section : — 
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For the remainder of this section up to Pondripani there are fine sandstones and car- 
bonaceous shales, the latter with occasional layers of coal, as at Putrapali (8*) and at Pon- 
dripani (2"). There is much false bedding and interpolation in this section. In the Digi 
stream the section is similar. A seam of 6" of coal is exposed at Deogur. The Kelu river 
section up to Tamnar also exposes the same kind of rocks with no coal of workable thick- 
ness. 

The Kelu section beyond this up to Khara was described in my previous report. Resum- 
ing, therefore, at that place, we find that for nearly two miles hardly any rocks are seen, hut 
beyond that there is a tolerably continuous section of sandstones and carbonaceous shales 
The first seam measures, descending, dip 5° south-west : — 

Ft. Ine. 

Coal ... ... m. ... 6 0 

Shales ... ... ... ... 3 6 

' Coal ... «. «. ...10 

* A 

The coal is probably of rather inferior quality, but in its weathered end WAter-logged 
condition it is not possible to form a conclusive opinion. The next seam of ahy importance 
measures about 17'. The coal is in thin layers of less than a foot, alttamaffaf with shale, 
dip south-south-Vest. Beyond this there appear to be some other mm $ hut they are not 
well exposed. North-west of Pelma two flat seams are exposed, Their foicknesses seem to 
be about ff and 4! respectively. The coal may be of fair quality. There seams are also 
seen in the broken ground east of the river^where the thickpewmajr be eomewM mors. For 
three miles further I followed this section (into Sheet 52), the Barren continuing steadily 
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in the bed of the river, while thethiUe on either aide were of the upper wuu&tonee. Frag- 
mm ts of coal wore still to be seen at the furthest point reached; but from the abundance 
of* gneiss and jasper-conglomerate pebbles, the metamorphio rooks bannot be very for 
distant* The ja^wr may not very improbably be derived from Talchir beds* 

The Pelma-Milupara valley is one of several along this frontier where denudation has 
remitted the upper sandstones, thus forming a vast amphitheatre ic whioh Bar&kars form the 
door" ^Considerable accumulation of alluvium occurs iu this valley ; it ia much out up by 
ravinea, and consequently difficult to traverse. As it was impossible to take the camp beyond 
Milupara, much time was wasted in going to and fro. To draw a satisfactory bonndaiy at 
the foot of the hills would require close and very detailed examination. 

Bendia River Section^— In the portion of this river not previously examined,* between 
Knrnkel and Jaojghir, for the first three miles the rocks are much covered, pfter whioh Jhere 
are coarse sandstones with a succession of seams containing coal in bands of from 2' to 3'. 
None of these seams are well exposed, as they are for the most part flat, and it is impossible to 
speak decidedly of their value. It is not, however, at all improbable that good coal in woikable 
quantity may exist. At Janjghir the Bar&kars abut against gneiss, and are in places covered 
by upper sandstones which cross the boundary. In some cases the bottom beds resting on 
the gneiss in the Janjghir valley may he Bar&kars; but the cases are doubtful. To the 
west of the village a pebble conglomerate bed can be traced from off the metamorphics on to 
undoubted Bar&kars upon which it appears to rest unconformably, but the section is not 
quite clear. In one place in the river it is seen distinctly overlying a coal seaifi with associ- 
ated Bar&kar sandstones. This scam measures — 

Ft Inc 

* Coal, about . . , ..0 8 

Parting .. ... 0 3 

Coal ... .. ... 1 0 

I think the conglomerate must be referred to the upper seiies. 

In the bed of the stream on the hill side, at the head of this valley, I found some 
fragments of black shale, which appear to have come from the upper beds. As will be 
noticed farther on, a similar case occurs to the east, in the valley of the Bendia. 

From the preceding it will be seen that there are no data sufficient for forming an 
opinion as to the total thickness of the Bar&kars, but that there is strong evidence of great 
irregularity of deposit. 

On the prospects of coal being found in useful amount, I shall speak in the section on 
economic resources. 


IV —Upper Sandstokbs, or Hxboxr Group. 

Besting upon the Bar&kar rocks is a group of beds differing from them in their litholo- 
gical characters, and containing certain fossil plants which have in no part of the country 
been found to occur in rocks of the Bar&kar horizon. 


With rare, aqd perhapl even somewhat doubtful exceptions, this group does not include 
any carbonaceous deposits. In the fossil plants the carbon has been all removed and 

f «&me of the sections described on previous pages evidence is given of the extensive 
^*Woh the Bar&kars have been overlapped by these younger rocks, At nywy pieces 
'W boundary of the field, as* for instance* at SJugapurattfi Borkhol (vide p. Itifi) 
’ 1% the Bar&kars reduced to very narrow limits. Again* near the Kurket 
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Vnoonfomiity, 


these upper roots rest immediately bn Takhirs, and dong the northern bonnd&ry net unfVe- 
quently upon gneiss. * # 

Although the junctions between these roots and the Bar&kars often appear to be qtiite 
oOnformable» certain observations seem to indioate that some un- 
conformity between the two does exist. No actual section exhibiting 
nnconformable superposition can be adduced, however. The nearest approach to it is pochups 
the case above mentioned, where, close to Janjghir, a pebble conglomerate was traced off 
the gneiss on to Bar&kars upon which it appears to rest unconformably, but owing to some 
false bedding, the section is not quite clear, and should not, perhaps, be regarded as crucial. 
In the Pazar river section (page 111) there is the already noticed case of disturbed Bar&kars 
occurring close to the junction with the massive horizontal upper sandstones. 


passing from # these individual cases, which afford evidence of only doubtful value, to the 
more general relations existing between the upper sandstones and the Bar&kars, we find that, 
taken as a whole, the latter exhibit an amount of rolling and disturbance of which the upper 
beds show no trace whatever. 


The great amount of false bedding in the Bardkars, noted both in this and the previous 
report, and the ovorlap, are quite sufficient to account for the fact that the beds of Bar&kars 
appearing from underneath the sandstones vary much in character in different parts of 
the field. At Lipuspali, for instance, there is a coal seam only a few feet below the red 
shales. Yet no sign of this coal seam appears in any other section. But when the facts 
observed in the tract of country indicated ,as the northern Rhigarh area (p. 109) come to be 
examined, it is difficult to imagine any cause other than unconformity as being able to produce 
the relations which exist there. Denudation has in that part of the oountry cleared away 
the upper rooks and formed an extensive basin where upwards of 200 Bquare miles of 
Bar&kars are exposed. Numerous more or less continuous sections of these rocks are afford- 
ed by the rivers which run from north to south ; but the best is that in the Kurket. In that 
river from south to north there is a steadily descending section, which is sometimes compli- 
cated by local rolls, but which must represent several hundred feet in thickness. The 
crumpling and rolling and the dips, — the latter in places attaining as much as 10° — are 
incompatible with the idea that these beds are merely in their original position of deposit 
on a sloping surface. Several of the coal seams dip at angles of 5,° which, small though it 
be, can scarcely have existed at the time of deposit. From its very nature and generally 
accepted origin the coal must have been at first horizontal, or nearly so. 

In the surrounding rocks which form the ranges limiting the basin, and in three inlying 
hills or groups of hills known as Gid, Duldulli, and Kolam, no evidence of similar rolling 
and crumpling is apparent, while the sections, so far as they go, induce the belief that these 
outliers rest on the edges of different portions of the Bar&kar succession. From the inter- 
polation and false bedding, whioh, as has been alluded to, characterise these Bar&kar rocks, no 
actual conclusion could be drawn from observations on the difference in character of indi- 
vidual beds whioh are immediately covered by the upper sandstones. Indeed, the overlap 
alone Would be sufficient to account for such differences as have *been observed. It is there- 
fore neceeg&ry to confine the evidence for the unconformity to the more general >eh&^eristios 
of the two series, all small sections being, for the above given reasons, unrolMAk 

Examined closely, the upper sandstones exhibit no signs of dkturtamee 04 appear to he 
quite horizontal On some of toe scarped ranges where the vie# takes k several miles, a slight 
southern^ trend can, howe$r, %e made out, but no ro fling cm^esponJfing to that in the 
Bar&kars at the bake. Whether the rolling and crumpling in the thin "beds is in any degree 
due to the pressure of the great mass of hills— whioh would in that mtm have been produced 
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subsequently to the denudation— may perhaps be a subject for speculation ; biA evqn supposing 
thf.t a certain amount of disturbance may have been due to this cause, the general steady suc- 
cession of beds from south to nor^i, and the fact that the sandstones rest upon different mem* 
bers of that succession in different places, must, I think, be regarded as indicating a period of 
disturbance and denudation between the deposition of the two series of rock. It may be 
added that whereas we find in the case of the Janjghir section, already alluded to, the upper 
sanihonas passing from Bar&kars (at the base of the group) on to gneiss, the same rocks 
cover up the highest members of the Bar&kar succession which are exposed on the southern 
limits of the Bar&kar area between Bijana and Deogaon. 

In their lithological characters these beds differ in a marked degree from the Bar&kars. 
The first thing which strikes one about them is that they almost invariably present a reddish 
aspect from the freely disseminated iron. Be they conglomerates, sandstones, or clay jahale, 
the presence of iron is generally prominently apparent. The soil, too, which is derived from 
their decomposition, is nearly always red and sandy. Notwithstanding this, ironstones of 
good quality are vexy much less frequently met with in this group than in the Bar&kars. 

I have been unable to see that the beds of different lithological characters occupy any 
definite succession. The red clay beds particularly seem to have a very capricious distribu- 
tion’ Though not always present, they are generally found among the bottom beds of the 
group. Towards the top, too, they not unfrequently occur. In the centre they appear seldom. 
Often where one would expect to see them, they do not show the slightest indication of their 
presence. Conglomerates and sandstones alternate with one another without showing any 
regular sequence so far as I was able to make out. 

The conglomerates consist chiefly of small rounded quartz pebbles, bound together in a 
sandy ferruginous matrix with a varying amount of felspar. The pebbles rarely exceed 
6 inches in their greatest diameter, and sometimes they are uniformly, throughout particular 
beds, not larger than small marbles. Occasionally the pebbles are of gneiss. This is, of 
course, most frequently the case when the underlying rocks belong to the metamorphic series. 

The sandstones vary much in texture and color, but really fine-grained sandstones are 
rare, and white, or even grey looking, rocks are of unusual occurrence. Sometimes beds occur, 
both in the case of conglomerates and sandstones, which it is not easy to distinguish from 
Bar&kars. In inch cases traces of associated carbonaceous beds are anxiously looked for as 
affording an almost infallible test of the age. The beds of sandstones, as may be seen in 
the scarped sides of the hills, occasionally attain very considerable thicknesses, narrow part- 
ings of shale occurring at distances of from 20 to 40 feet. The most common form of sand- 
stone is a rough brownish grit, which, even when under the constant action of running water, 
seldom shows a clean or smooth surface. Carbonate of lime is not often present in suffi- 
cient quantity to give rise to any marked form of chemical weathering. Mechanically 
formed pot-holes are, for some reason which I cannot explain, less common than in the 
Bar&kars. 


Shales or days* generally red and sometimes passing into ironstones, include all the 
Ipealiung forms of reek fot&d in this group. In one direction these beds show f tendency 
to mm into sandstones* but as I have said, fine grained sandstones, properly so called, 
wmr* Mica occta ip abundance hj certain layers. With the exception of some 
lip which are occasionally mot with, ati are ferruginous, some highly so $ the latter 
lip MMMnIA heavy, hut are seldom used as an ore of iron m natives. 

3* «* ftU group which h«t« ao ftw proved ftmnUfhroin are the risalee which 
and they are by «m> mean* tmivemlly no. She place whew I 
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found fossils ^nost numerous as regards individuals was in the Garjan hill in Hingir. 
Here, too, the number of species was the greatest, fyut it does not altogether exceed eighty 

* The following is a preliminary list by Dr. FeistmatttOi 

Equisstacbx. 

Sohizoneura P =s Damuda sp. 

,, P sp. 

Vertebraria Indica, Bunb. 

Filices. 

Glossopteris Indica, Sckimp. 

„ Browniana, Brogn. Yar. Australasica. 

• „ Sp.P 

Pecopteris Sp. = Bunbury’s drawibg. 

„ Lindleyana, Boyle . 

The specimens of Vertebraria were met with at Girundla, Kodaloi, and on the Bilpaharl. 

The question of the correlation of these rocks with the groups elsewhere known in 
India is for the present reserved. 

These sandstones cover by far the largest part of the area included in the field. 
Throughout the central portion no other rocks are met with, and to the north-east and 
south-west, orfly narrow strips of the older rocks are disclosed at the boundaries, and that 
for comparatively short distances. In the northern part of R&igarh there is a consi- 
derable exposure of Bar&kars which is surrounded on all sides by these rocks, and so super- 
ficially separated from the Barakars of the Ebe valley on the east, and of the Mand on the 
west. 

The eastern boundaries of these sandstones follow an irregular outline, which is in 
general well marked, and is more or less coincident with the limits of the hilly plateau 
country of Hingir. Possibly there may be some small outliers within the limits of the area 
colored as Barakar, but the often highly ferruginous characters of some of the pebbly beds 
presumably belonging to the latter, and the obscurity of the physical relations renders dis- 
crimination almost impossible. 

The group of hills of which Sitaram and Bilpahari are the culminating points is situa- 
ted at the northern extremity of the eastern boundaiy ; the rocks seen there are sandstones 
and red shales, the latter containing Vertebraria, Some of the sandstones are highly ferru- 
ginous, and contain layers and plates of hardened and dense character which weather out 
on the surface into relief, as is commonly seen in the Pachmari sandstones. 

At Girandla and Bindichua the same rocks prevail ; they are generally "horizontal, but 
at one place in the Lilian, south of the latter village, some local disturbance has given rise 
to a southern dip. The Bfndichtia G. T. hill station well illustrates the tendency of car* 
tain beds of pandstone to weather into curious and grotesque shapes. 

The rooks about Onkilbira, Komghat, and Fikol are all of the same character and call 
for no particular notice. The same may be said of those forming the hill^tolbe east and 
South of Lakenpur. * 

Close to Borkhol, the Koilar river debouches from the hills; it is the i irstofa series which* 
rising in the highlands of Hygir, pursue a steady south course to the Me^madi, As the 
rooks which they traverse, except near the boundaiy, are horiaonial, ihe sections do not 
throw mtoh light upon the general characters of the series, Ordinarily these rivers run 
in deeply cut channels in beds of coarse brown or red sandstone* These being water-bew 
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ing strata feed the rivers all along their course, and the moist faces of expose*! rook are the 
favorite growing place of a species of Drosera ; all these rivers are perennial, and their con* 
atdnt flow of water makes them contrast* with the rivers of the gnebs and Talchir area* 
which soon dry up after the rains, leaving wide Bandy channels. 

The general characters of the valley which extends along the boundary in a north- 
westerly direction from Borkhol have been described on a previous page. With the rocks 
whicV bound it on the north only have we to do at present. North of Jhorgaon the road 
to Raini ascends over the scarp of red shales and sandstones ; these are still better seen 
further west at Dibdorah, where there is a step iu the Qingir river over which the waters 
fall, forming a most picturesque, and in the eyes of the natives sacred, cascade. Near the 
foot of this fall, as has already been mentioned, some pieces of carbonaceous shale were found, 
but none above. 

At Jogidhipa the physical features are somewhat modified, as there is f no distinct fidge 
or scarp on the Bar&kar boundary, but the relative position to the main boundary of the 
field appears to continue the same. From this westwards the red clays cease tq occur asso- 
ciated with the basal rocks of the upper sandstones. 

In the Kur or Chota Kelti, between Berapali # and Beramunda, there are brown and 
yellowish sandstones which sometimes contain pebbles, but there is no trace of the red clays. 
Their absence may be due to overlap of that portion of the series in which they occur , but 
I think more probably they were never deposited here. At Jamga* the Bai&kars are almost 
completely covered up by these upper rooks. * 


In the Supnai section from a point east of Jhargura to Bhogra* there are coarse feiru- 
ginous sandstones which are at first slightly inclined to the south, hut as the boundary is* 
approached, they dip in the opposite direction, and the bottom beds, some of which seem to be 
Bar&kars, dip at an angle of 80° to north. 

In the Somkara and Bilaijor rivers to the east and west of Sambulpuri there are similar 
sections ; in the latter the rocks close to the boundary dip away from it at as high an angle as 
45°. Close to Badpali there are some traces of a local bed of red clay. 

In the Kelu there is a long interval between coarse sandstones dipping at 20° north 
and the gneiss. Save for a small outcrop of Talchirs at the gbfit there is nothing to indicate 
the character of the intervening rocks. Further north, those sandstones fall to the horizontal 
and are deeply channelled by the river. I have on a previous page indicated the origin of 
the coal fragments which are seen in the bed of this river. 


At Donot, the edges of the upper sandstones form a distinct and prominent ridge close to 
and north of the village. 

In the vicinity of Cheraipani the Talchirs and Baidkars are apparently finally overlapped 
by the sandstones on one side, and cut out by the fault on the other; at least no certain sign 
of them is met with further west. They may exist, howevef, at the bottom of the narrow 
alluvial valley which is bounded by on either side quartzites and sandstones. At Delari (or 
Derali) sandstones dip at 30° to north-east. Just north of the village the lowest bed may 
jpwribly be Bar&kar, but I think net. To the south-east of the village these sandstones are 
etaft within 200 yards of the quartzites. ( ’ 

l this westwards to the Kurket, and also to the north in the direction ofTumardi, 
iS IP# are exposed alt belong to the upper series. 

Rim Sbctioh.— A t Sabo there is an interval of perhaps $00 yards between 
* fomq beds of wndatone/Vhich dip at an angle of 80° to $0° nOrth-of-east. 

- I. I gU— * - - 1 11 > - 

u prwfamiiy rnmxtmi. AsaU admlmsd oa the atlas Shirt. 
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What may in^rvene between these outcrop* can grty be conjectured, possibly Talchirs, but 
there is no trace of them to be seen. With regard to the sandstones, I think they must 
be preferred to the upper series, though tbqyare not unlike Barakars, which, indeed, I thought 
them to be when I saw them in 1871. The high dip is gradually lessened, until about a 
mile further north the beds become horizontal, and so continue with only local variations in 
dip for about five miles. In places the river runs in a deep cutting with walls twenty feet 
high. The sandstones are of the usual character, coarse ferruginous, sometimes with plates 
and layers of more highly ferruginous composition. They are often somewhat conglomeratic 
and. not unfrequently pinkish in color. There is no sign of red clays in this section. From 
underneath thesegocks at Baiamunda, as has already been mentioned, appear the Bardkars. 

To theNrest the boundary, leaving the river, passes along the foot of a range of hills 
which strikes north from Xatangdi. At Nowagaon (Nowagud) these hills present a scarped 
face df coarse fertuginous sandstones with some red clay partings. These rocks have a 
general, though slight, dip to the south. Detached from this range, towards its northern 
extremity, is the Duldula hill which is formed of the same rocks. 

The eastern boundary on leaving the Kurket, passes south of Baiamunda and then 
bends southwards to Jiringol. Between Balumar and Samaruma the red shales were again 
met with near the base of the series. 


The Gid hill appears to be an outlier of these rocks, the continuity being broken on the 
south, but this is not quite certain, as the rocks are much hidden in the broken raviny ground. 
The principal rocks forming this hill are ferruginous sandstones and red shales, but at the 
base there is a considerable bed of white sandstone of doubtful affinities. 


The character of the junction in the Kelu river section has been alluded to above ; tbe 
upper sandstones, away from the boundary, are horizontal, or have a gentle dip to the south. 


From this eastward as far as the Ambo hill the boundary runs along the foot of the scarp; 
this is well seen at Deogaon and Pariga. In the, Gaijan hill, I found the principal part of 
the fossils mentioned on page 115. The further extension of these rocks to the east has been 
noticed in my previous report, and it therefore only remains to describe their occurrence to 
the north so far as they have been examined in that direction. 


At Janjghir and the valleys on either side of it, we find Bardkars abutting against 
gneiss, the boundaries being more or less overlapped by sandstones and conglomerates which 
form the, surrounding hills. These sandstones and conglomerates are, I think, referable to 
the upper group, .but at the heads of two of these valleys, from 150 to 200 feet above the. 
level of the top of the Bardkars seen outside, I met with fragments of coaly shale in the beds 
of the hill-side torrents. At first sight this suggested the probability of Bardkars occurring . 
at the higher level, but another case, presently to be mentioned, seems to make it probable ; 
that carbonaceous shales do sometimes occur in the upper beds. . 


A glance at the map* will show the difficult nature of the country where these observa. 
turns were made. Until the whole of the hill tract there has been esamis^ 
possible to speak with any degree of certainty on the subject. As rendering it &xm f“ : *' * 4 
that the carbonaceous shale is from the upper sandstones, it may be ^ " 

meats were much mixed with pieces of red shales which 

. Jnngle and 


it'f# the one took tea taile ante, ; Xta 1 tito 
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vesting upon ironstones, which latter are presumable Bar&kars. On the east of , the valley, 
in Jkhe Sukti hill, there is a good section of these rocks. 

It ' 

Ascending from the village of Bajarmura, which is on red days and sandstones, the path 
passes over whitish grey sandstones, which might pass lithologically for Bar&kars ; above 
them near a bear's cave* is a band of black shales ; this is at least 800 feet above the red 
shales of Bajarmura, and must therefore belong to the upper series. 

Above this there were coarse ferruginous sandstones which continued up to the top of 
the hill. On the eastern side of the hill, at Khara, the Barakars extended up the side from 
100 to 150 feet. 

So far as they have been examined, these upper sandstones appear to constitute one 
group which is not susceptible of any natural sub-division. 

V.-Latebite. * # 

In the course of the preceding pages the occurrence of laterite resting upon the older 
rocks has been occasionally alluded to. It is more particularly abundant on the Talchirs, 
and, as noticed on a previous page, its limits are curiously concurrent with the Talchir — gneiss 
boundary in the eastern part of the field. To the north-east it is often found on gneiss, so 
that its occurrence in one locality in a limited way on the Talchirs only is the more remark- 
able. It seems to be chiefly, if not entirely, confined to the lower levels, and I never found 
a trace of it on the higher hills, though in such positions it is commonly met with in Sirguja. 

There is nowhere, so far as I know, a greater thickness of it than about* sixty feet. In 
the eastern part of the field it forms wide spreads, which completely conceal the' underlying 
rocks. In lithological characters this laterite resembles the laterite of Midnapore and else- 
where. 

VI.— Faults and Dykes. 

The character of the south-western boundary having been described in the previous 
pages, little remains to be said, and recapitulation is, perhaps, unnecessary. Although no 
single section can be pointed to as absolutely establishing the faulted nature of this boundary, 
still the general tendency of the observations which have been made is to point in that direc- 
tion, while the difference in the character and age of the beds which are successively brought 
into conjunction, and the remarkable straightness of the boandary, are strongly corroborative 
of the same view. 

With this exception there is no evidence of any faulting throughout the area, and most 
of the boundaries have been distinctly seen to be natural 

Dykes . — But one case of trap also has been met with in the field ; this is at Kirara- 
ma in the Bar&kar area, where a dyke is exposed for a few yards. A similar rock is seen at 
Kondaimunda, in the gneiss, and the two may be continuous. It must be noted that there 
is a possibility of this being only the peak of a trap-like mqtamorphic rock which strikes 
up through the Bar&kars. Its lithological characters quite flavor this possibility. 


VIL— -Economic Bbsoubces. 


|| v i The economic resources of this field are— Building materials, Coal and Iron. 

matebials,— As in other coal-fields containing Damuda rooks, mpny varieties 
occur. P* applicable to ' building purposes. ; ffitherto • the only 
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rocks which h^re been used in this way are the Taichir sandstones of Sasun. These furnish 
a suitable material for copings and similar purposes in Sambalpur. Recently they hpve 
been employed in the manufacture of washing vats for lac jrorks. The building stone which 
iB chiefly used in Sambalpur is a schistose quartzite whioh is found in the station. Limestone 
of limited amount, but good quality, occurs in the Talchir rocks to the south of Luponga 
(vide p. 105). Kankar is found in most of the alluvial tracts, but is not generally abundant* 
The Vindbyan rocks south of Padampur ou the Mahanadi include an excellent limestone, 
which is the source of lime chiefly resorted. to in the district. 

Coal. — The seams which are exposed in the portion of the field at present under descrip- 
tion are neither Vlry numerous nor individually of promising quality ; hut it must he remem- 
bered that the coal-measure rocks are not only, as a whole, very slightly disturbed from their 
original horizontal position, but are much covered by superficial deposits, and that there is 
a complete want of sections which might show the succession of beds constituting the group. 
The true, or even approximate, value of the fifild, therefore, can only be ascertained by borings. 
In the meantime it may safely be asserted that there is a fair prospect of this field proving 
to be of considerable value. 

Of those seams which are at present exposed I should recommend that at Dibdorah as 
being the one which is most likely to reward exploitation. The advantages which this seam 
possesses are the following The coal is of fair quality, much better probably than might be 
supposed from the assay, the sample having been takon from under water ; the thickness is 
at least six ahd a half feet. The seam being at the surface, and having only a small dip, 
might he worked by simple undercut quarries. 

Lastly, the locality is the nearest to the Mahanadi, being only about six miles distant 
from that means of carriage. The chief difficulty in working this seam, indeed the only 
one that I know of, will be caused by water which it may possibly he found not very easy 
to dispose of, especially during the rains. This, of course, would only be felt while the works 
were carried on on a small scale ; with extended operations suitable provision could no doubt 
be made, but the narrowness of the valley in which the seam is situated must always cause 
some trouble. 

With this in view it would obviously be best to break ground first (provided, of course, 
that the seam is first proved to extend so far) at the watershed between Dibdorah and 
Jogidhipa ; this would involve somewhat longer carriage, but would secure an outlet on 
either side for the ejected water. The water would almost entirely be from surface sources, 
as the red clays whioh occur with the upper sandstones would, I think, prevent excessive 
percolation from the water-bearing rocks of the highlands. 

The sections given above of the other seams in this part of the field (Ebo valley area) 
do not indicate any coal of workable thickness. According to the assays and my rough 
examination in the field, No. 9 of the Durlxpali is the best coal, but of it there is only One 
foot. No. 4 of the same section is two feet six inches thick, but the quality is very inferior. 
M must be remembered, however, that the whole of this seam, as well as that of most of the 
others, is not exposed. As regards carriage, the Durlipali seam is much less favourably 
situated than that at Dibdorah ; the distance from Sambalpur as the Crow ffi^is^tv^ty-flva 
miles. During the rains, however, the Ebe river, which is only six miles distant, bright be 
used m a means of carriage. Tbe Lukanpur seam, regarding at 

present* is situated in . an , enclosed valley difficult ' of access, the wbiChfk>m the 

Mahanadi would' probably be from ten to twelve miles* The - sixteen* 

miles fidito theljbe. Of tbe large seams in the Baisunder ; L previous , 

report; the coal from them might, perhaps, to a smzill ^ river ' 
Ebe also during the rains. ■’ . . 
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Some of the seams in the Kelu valley may very possibly contain good coal, but they 
are difficult of access, being thirty-six miles, as the crow flies, from the Mahanadi. Oorts, if 
they could get over the ground atjdl, would have to travel probably not less than sixty miles. 
To Sambalpur the distance by any possible route would not fall far short of 100 miles. 

Still more unfavorably situated as regards roads are the seams in northern Hingir to the 
west. The Kurket river there, however, would afford a means of transport during the rains. 
1 saw a large boat being built at Rabo on the, Kurket, so that navigation is bo far possible ; 
indeed, the river bed, thence to its junction with the Mahanadi, contains no seriooB obstructions 
of any kind. 

« 

So little is yet known of the coal of the Talohir Held, that it wonld be impossible at 
present to institute a fair comparison* between the two. Unless the coal of our field is of 
better quality it could not compete successfully in Cuttack owing to the pinch greater dis- 
tance it would have to travel. At the same time the Mahanadi is closer to the eastern end 
of the R&igarh and lliugir field than it is to any part of the Talchir field, and the Brah- 
mini, owing to obstructions, is not much better as a means of transport than the Ebe or 
Kurket would be. 

The prospects of the ultimate development of this coal-field depend altogether on the 
future extension of a line of railway into that part of the country. If the project for con- 
necting Calcutta with Nagpur, by a direct line, be ever carried out, this field will attain 
considerable importance, should the borings, which mnst first be made, prove the existence oi 
abundant and good coal, and of their doing so, there is, I think, a fair prospect. 


Assays of Coaisf. 



Moist are. 

Carbon. 

Volatile. 

Ash. 

Durlipali No. 4 of Sec. 

... *53 

26 4 

365 

37*1 

Durlipali No. 9 of „ 

... 11*8 

50-2 

36*8 

13* 

Lakanpur 

.. 9’2 

33*4 

34*4 

32*2 

Dibdorah 

... 9*9 

399 

33*6 

26*5 

Dulunga 

... 11* 

452 

33*6 

21*2 

Mograpali 

... 11*2 

46*1 

40* 

13*9 


Ibon. — Within the Bar&kar group there are, as has been indicated on a previous page, two 
and possibly three zones of ironstones. Assays have not been yet made, but some of the ores 
appear to be good. As to quantities, so far as superficial examination goes, I think at 
Kodaloi and some of the other localities on that horizon there is a large supply which could 
be easily worked. Of the abundance of ore in the hills at Rampur, east of the Ebe, I have 
already expressed my doubts, but on these points it is impossible, without some preliminary 
clearing of the ground, to speak with certainty. 

The zone of ironstones which runs with the south-west boundary, at the top of the 
Bar&kars, seemed to be thin and poor. • 

In the upper sandstone series ironstones also occur, but are seldom used by the native 
Jjoltan. In several instances I found that the Lohars of villages which, owing to wood 
being abundant, were situated within the upper sandstone area, procured their ore from the 
Barfckars some miles distant. Except towards the frontiers of the Hingir highlands, there are 
fbtr Itoharb villages in that zemmdari, but in no part of theoounfciy which I have visited are 
theyspabnndant as in Rampur. At many of the large villages there are fbroaee*,bnt the greater 

' * thp rak-hlr field has lilk* found to answer JWrIy well In small steamers oaths Chttaok 

to cipeoaive carriage, Was, however Joo high. 
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number are w(3*ked by colonies of Lohars who fora temporary villages where timber is abun- 
dant, passing to new localities when they haveexlwuated the supply in their vicinity*' Although 
S kl(Skorearobusta) is the wood most commonly used for njaking charcoal, I found the Bijasal 
{Dipterocarpus marsupium) seemed bo be preferred by some. Bamboo, though abundant, never 
seems to be used. The wood is cut into logs about 3| feet long, or rather more, and is burnt 
in holes which are about 4 feet square and 18 inches deep. Small branches are not used* 
The furnaces are somewhat smaller than the largest which are used in Bengal ; they are tar- 
nished with a tr&y above, in which a quantity of mixed ore and charcoal is kept, which can be 
raked into the top of the furnace by the person working the bellows without other assistance. 
This, of oourse, is a great saving of labour as compared with the usual system which involves 
the presence of a second person to feed the furnace. Differing from the practice in Hazaribagh, 
the same individuals make the giri (bloom) and sIbo work it up into iron for the market. The 
girib> were much smaller than in Hazaribagh, in one case at Jodiboga not exceeding 6 or 7 seers, 
generally, perhaps, they are about 10 seers. So far as 1 could make out, the Mahajans get 
from 15 to 20 seers of iron for a rupee from the Lohars, but owing to the advance system and 
the transactions being chiefly in kind, this cannot be accurately ascertained. 


ACCESSIONS TO LIBRARY. 

4 

Fbom 1st July to 30th Septembbb 1875, 

Titles of Boohs . Donors. 


An ca F. a nh Gemmellabo, G. G.— Monografia degli Elefanti Fossili di Sicilia (1867), 
4to., Palermo. 

Abchiac, d* and Haimb Jules. — Description des Animaux Fossiles du Groupe Num- 
mulitique de L’Inde (1853), 4to., Paris. 

Beybich* E. — Trias— Ammoniten (1864), 8vo., Berlin. 

Beybioh, E. — Ueber eine kohlenkalk — Fauna von Timor (1865), 4to., Berlin. 

Bibd, Isabella L. — Six months among the palm groves, coral reefs, and volcanoes of the 
Sandwich Islands, (1876), 8vo., London. 

Deslongchamps, Eugene. — Documents sur la Gdologie de la Nouvelle— Cal6donie (1864;, 
8vo., Paris. 

Eichwald, Ed. de. — Lethsea Rossica, Yols. I to III, with Atlas of 4to. plates, (1852*1868), 
8vo., Stuttgart. 

Favbb, E.— Recherches Gdologfques dans la partie centrals de la Chaine du Caucase (1876), 
4to., Geneva. 


Geological Survey of Missouri. Preliminary Report on the Iron Ores and Coal Field#, from 
4he Field Work of 1872, with Atlas (1873), 8vo., New York. ; 
Hkeb, Db, Oswald.— Flora Fossilis Arctica, Band I— III (1868-1875), 4to., Winterthur. 
Kontnok, L. de.— Notice sur deux especbs de Brachiopodes, 8vo^ Bruxelle*, ; 
Macfablane, James.— The Coal Regions of America (1875), 8vo*, New 
Maboou, Jules / — Dyas et Trias (1859), 8vo., Geneva. 

Nog gb bath, Db* J.— Das Erdbeben (1847), 4to., Bonn, 

Schmidt, Db. J.— Studien fiber Erdbeben (1875), 8vo^ Leipzig. , > • 

Bbebach, K. vob*— D as Mitteldeutsche Erdbeben von Mars, S),. Sm, Leipzig*' 1 . 

Seventeenth Anniversary Report of the Barra .Bazaar Club (1874), 

' ' " ' *' ‘ 8vo„ Calcutta, • 

. . ,; v' : '.’ivv'l'' ■> Th* Club. 


• ■KX. 
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, r Titles of Boole, Donors, 

American Journal of Science and! Arts, 3rd Ser., Vol. IX, Nos. 53-56 (1875), 8vo., New 
Haven. 


The Editors. 

Annaies des Mines, 7th Ser., Vol. VII, liv. 1 (1875), 8vo., Paris. 

L’Adminis. des Mines. 

Annals and Magazine of Natural History, 4th Ser., Yol. XV, No. 90, and XVI, 91-92 
(1875), 8vo., London. 

Archiv fur Naturgeschichte, Band XL, heft 4, and XLI, heft 2 (1874-75), 8vo , Berlin. 
Bibliotli&que Universelle et Revue Suisse, Vol. LII, Nos. 208, and LI1I, 209 (1875), 8vo., 
Lausanne. 4 f 

Bibliothfcque Universelle et Revue Suisse, Archives des Sciences Physiques et Naturelles, 
Vol. LII, Nos. 207, 208 (1876), 8vo., Geneva. 

Geographical Magazine, Decade II, Vol. II, Nos. 6 to 8 (1875), roy. 8vo., London. 

Geological Magazine. New Ser., Decade II, Vol. II, Nos. 6 tc 8 (1875), 8vo., London. 

Journal de Conchyliologie, 3rd Ser., Vol. XV, No 2 (1875), 8vo., Paris. 

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science, 4th Ser., 
Vol. XLIX, Nos. 327 and L, Nos. 328-329 (1875), 8vo., London. 
Martini und Chemnitz. — Conchylion Cabinet, Lief 235 (1875), 4to., Nurnberg. 

Madras Journal of Medical Science, 1867, 1868, 1870, 1871, 1872 aud January lo June 1873 
(1867-73), 8vo., Madras. 

Wm. Theobald, Esq. 


Nature, Vol. XII, Nos. 292-304 (1875), 4to., London. 

Neues Jahrbuch fur Mineralogie, Geologic und Palseontologie, Jahrgang 1875, heft 4-5 
(1875), 8vo , Stuttgart. 

Palffiontologie Franqaise, 2nd Ser., Vegetaux ; Terrain Jurassiquc, Liv. 1-18 (1872-75), 8vo., 
Paris. 

Palaeontographica, Band XXII, lief. 6 (1875), 4to., Cassel. 

Petermann, Dr. A. — Geographisclie Mittheilungen, Band XXI, Nos. 6-8 (1876), 8vo., 
Gotha. 

PoggendoRFF, J. C.— -Annalen der Physik und Chemie, Band 155, Nos. 5-7 (1875), 8vo., 
Leipzig. 

Professional Papers on Indian Engineering, 2nd Ser., Vol. IV, No. 17 (1875,) 8vo., Rooikee. 

Thomason College of Civil Engineering. 


Quarterly Journal of Microscopical Science, New Sor., Vol. XV, No. 59 (1875), 8vo., 
London. 

Quarterly Journal of Science, No. XLVII (1875), 8vo., London. 

Report of the 44th Meeting of the British Association for the Advancement of Science 
at Belfast (1875), 8vo., London. 


GOVERNMENT SELECTIONS, &c. 

Bombay.— S elections from the Records of the Bombay Government, New Series, No. 148* 
Papers relating to the revision of the rates of assessment on the 
expiration of the first settlement in the Indee and Hooblee 
Talukas of the Kulladgee and Dharwar Colleotorates (1875), 8m, 
Bombay* » 


i 


Bombay Goybmkbmt. 
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Titles ofi)BooJrs. Donors. 

Bbitish Burma. — Eighth Annual Report of the Light- Houses off tlio Coast of British 
Burma for 1874 (1875), Svo.^Rangoon. * ’ 

Chief Commissioner of British Burma. 

India. — Annals of Indian Administration in 1873-1874, Vol. XIX (1875), 8vo., Calcutta. 

Home Department. 

,, Thuillier, Colonel H. L.— General Report on the Topographical Surveys of 
India, for 1873-1874 (1875), fisc., Calcutta. 

Survetor General. 

Mysore.— Report on the Administration of Mysore for 1873-74 (1875), 8vo., Bangalore. 

Chief Commissioner of Mysore. 

N. W. Provinces,— Atkinson, E. T.~ Statistical, Descriptive 'and Historical Account of 
the North-Western Provinces of India, Vol. II, Meerut Divi- 
sion, Port I (1875), 8vo., Allahabad. 

Government of N. W. Provinces. 


TRANSACTIONS, &c., OF SOCIETIES. 

Berlin. — Mpnatsbcricht dor k. k. Prouss. Akademie dor Wis^enschaften zu Berlin, March 
— April (1875), 8vo., Berlin. 

* The Academy. 

„ Zeitschrift der Doutschen Geologischen Gesellschaft, Band XXVI, 4, and XXVII, 
1 (1874-75), 8vo., Berlin. 

The Society. 

Boston. — Annual Report of the Trustees of the Museum of Comparative Zoology for 
1873 (1874), 8vo., Boston. 

The Museum of Comparative Zoology. 

„ Proceedings of the American Academy of Arts and Sciences, New Series, Vol. I 
(1874), 8vo., Boston. 

The Academy. 

„ Memoirs of the Boston Society of Natural History, Vol. II, pt. II, No. 4, and 
pt. Ill, Nos. 1 and 2 (1873-1874,) 8vo., Boston. 

The Society* 

t „ Proceedings of the Boston Society of Natural History, Vol. XV., pts. 3 and 4, 
and XVI, pts. 1 and 2 (1873-74), 8vo., Boston. 

Ditto. 

„ The Complete Works of Count Rumford, Vol. Ill (1874), 8vo., Boston. 

The American Academy. 

Buenos Aires.— Anales del Museo publico de Buenos Aires, VoL II, pts, 4*5 (1872-73), 
4to., Buenos Aires. < 

Buffalo.-— Bulletin of the Buffalo Society of Natural Sciences, Vol. I, Nos* 1*4 and Vo). II, 
Nos* 1-3 (1873-74), 8vo. # Buffalo. 

tors Society* 

Bristol*— Proceedings of the Bristol Naturalists* Society, New Series,, Vol. I, pt. 2 (1875), 


8vo», Bristol 


Ditto, 
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Calcutta.— Journal of the Asiatic Society of Bengal, New Series, Vol. XLHI, pt. 2, 

• # No. 1, and XLIV, pt. 1, No, 2 (1875), 8vo., Calcutta. # 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 6-8 (1875), 8vo., Calcutta. 

* 

Ditto. 

Cambridge, Mass.— Ferrel, Wk.- D iscussion of Tides in Boston Harbour (1868), 4to., 
’ Cambridge. 

United States Coast Survey. 

„ „ Appendix, Tidal Researches (1874), 4to., Cambridge. 

Ditto. 

„ „ The organization and progress of the Anderson School 

of Natural History at Penikese Island (1874), 8vo., 
Cambridge. 

The Museum of Comparative Zoology. 

Catania.— Atti dell'Accademia Gioenia di Scienze Naturali di Catania, Vols. I— VII, 2nd 
Series, Vols I— XVI (1825-1860), 4to., Catania. 

Christiania. -Holland, Amund. — Om Kromjernsten i Serpentin (1873), 8vo., Christiania. 

m Royal University of Norway. 

„ Kjerulf, Prof. J.— Om Skuringsmffrker, Glacialformationen teiTasserof 
Strandlinier (1873), 4to., Christiania. 

Ditto. 

„ Schitz, 0. E. — Analyse af Zenotim fra Hiter (1872), 8vo .Christiania. 

Ditto. 

Schitz, O E. — Beretning om nogle undersogelser over Sparagmitkvarts — 
Fjeldet i den stlige deel of Hamar Stift (1873), 8vo., Chris- 
tiania. 

Ditto. 

n Sbxe, S. A. — Paettegryder og gamle Strandlinier i fast klippe (1874), 4to., 
Christiania. 

Ditto. 

COPENHAGEN.— Oversigt over det kong. dauake Videnskabernes Selskabs, 1858, 1860, and 
1874, No. 2 (1858, 1860 & 1874), 8vo., Copenhagen. 

The Royal Academy. 

Dresden.— Leopoldina — Amtliches organ der k. Leopoldinisch-Carolinischen Deutschen 
Akademie der Naturforscher, Heft VII — IX (1871-74) 4to., 
Dresden. • 

The Academy. 

„ Nova Acta Academiee Csesareee Leopoldino Carolines Germanic® Naturse Curio- 

* eorum, Band XXVI (1873), 4to., Dresden. 

Ditto. 

* Sitzungsbericbte der Nfttnr. Gesellscbaft Iris in Dresden. Jahrg., 1874,, October 
to December (1875), 8vo., Dresden* % 

» The Isis Sooibtt. 

f»ANlGft*t^Abhandlungen von der*Senckenbergischen Naturforscbenden Geeelleohaffc, 
W Band 1-IX, heft 8 (1854-74), 4to , Frankfurt. 



Accessions to Library. 


1S5 


par\ 4.] 


Titles $f jioo1$s. Donors. 

Gottingen. — Abhandlungen der kpnig. Gesellsohaft der Wissenschaften zu Gottingen, .Band 
* XVII (1873), 4to., Gottingeiv 

The Society. 

„ Nachrichten von der konig. Gesellachafb der Wissenschaften aus dem Jahre, 

1873 (1873), 8vo., Gottingen. 

Ditto, 

Leipzig. — Abhandlungen der Math. phys. classe, der konig Sachsischen Gesellschaft der 
Wissenschaften zu Leipzig, Vol. I — XV (1849-1874), 8vo., 

Leipzig. 

London.— Journal of the Anthropological Institute of Great Britain and Ireland, Vol. IV., 
No. 2 (1875). 8vo., London. 

J, Journal of the Linnsean Society, Vol. I — XI, Zoology, and I— XIII., Botany 
(1857-73), 8vo., London. 

„ Proceedings of the Royal Geographical Society, Vol. XIX, No. 4 (1875), 8vo., 
London. , 

The Society. 

„ Proceedings of the Royal Society of London, Vol. XXIII, Nos. 160-161, (1875) 
8vo., London. 

, The Society. 

„ Quarterly Journal of the Geological Society of London, Vol. XXXI., pt. 2, 
No. 122 (1875), 8vo., London. 

The Society. 

Melbourne. — Transactions and Proceedings of the Royal Society of Victoria, Vol. XI. 

(1874), 8vo., Melbourne. 

* The Society. 

Milano. — Atti della Societa Italiana di Scicnze Nnturali, Vols. I — II (1859-61), 8vo., 

Milano. 

„ Memorie doll’ Imperiale Regio Institute del Regno Lombardo — Veneto, Vol. I — V. 

* (1819-38), 4to., Milano. 

Minneapolis.— Bulletin of the Minnesota Academy of Natural Sciences for 1874 (1874), 
8vo., Minneapolis. 

The Academy. 

Moscou. — Bulletin de la Societe Imperiale des Naturalistes de Moscou, Vol. XL VIII, No. 3, 
(1875), 8vo., Moscou. 

The Society 

Neuchatel. — Memoires de ltu Soci6td des Sciences Naturelles de Neuchatel, Vol. UII, 
(1835-1846), 4to., Neuchatel. 

Paris, — Bulletin de la Socidtd Geologique de France, 3rd Ser., Vol. Ill, Nos, 3*4 (1875), 
8vo., Paris, 

The Society. 

Pest.— A Bakony d<51i rSszenek foldtani Viszonyai R6sz, II (1874), 8m, Pest. 

Royal Geological Institu^' Hungary. 

„ A Magyar kir Foldtani intezet Rvkonve, Vol. Ill, No. % IV, No. 1 

(1874-75), 8m, Post. f ‘ 

; 5 Ditto. 


Mittheiluugen aus. Jam Jahrbuohe der koa anger, 


HI, heft '• " 


Austalt., Band 


Ditt^; 
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Titles qf Boohs. 9 f Donors, 

Philadelphia.^ — J ournal of the Franklin Institute,* §r<i Series, Vol. LXII, No. 1, Vol. 

LXIX % No. 4, and LXX, No. 1 (1875), 8vo., Philadelphia. • 

- The Institute. 

„ Proceedings of the Academy of Natural Sciences, Parts 1-3 (1874), 

8vo., Philadelphia. 

The Academy. 

Frag.— Lotos, Zeitsohrift fur Naturwissensohaffcen, Nos. I-XXIY, (1851-1874), 8vo., Prag. 

Nome.— Bollettino R. Comitato Geologioo d’ Italia, Nos. 5-6 (1875), 8vo., Rome. 

Geological Commission of Italy. 

Saint Paul.— Geological and Natural History Survey of Minnesota. Second Annual Report 
for 1873 (1874), 8vo., Saint Paul. 

MINNESOTA AcAIAmY. 

Salem, Mass.— Bulletin of the Essex Institute, Vol, V, Nos. 1-12 (1874), 8vo., Essex. 

The Institute. 

Toronto — Canadian Jotirnal of Science and Arts, New Serios, Yol. XIV, No. 4 (1875), 
8vo., Toronto. 

Canadian Institute. 

Vienna. — Verhandlungen der k. k. Zoologisch-botanischen Gessellschaft in Wien , Band 
XXIV, 8 vo., Wien. 

The Society. 

Washington.— Annual Report of the Board of Regents of the Smithsonian Institute lor 
1872 (1873), 8 vo., Washington. 

The Institute. 


Bulletin of the United States Geological and Geographical Survey ot the 
Territoiies, No 4, Second Series (1875), 8vo., Washington. 

F. V. Harden, Esq. 

Monthly Reports of the Department of Agriculture for 1873, 1873), 8vo , 
Washington. * 

Department of Agriculture. 

Report of the Commissioner of Agriculture for 1872 and 1873 (1874), 
8vo., Washington. 

Commissioner of Agriculture . 

United States Geological Survey. Miscellaneous Publications, No. 1, Lists 
of Elevations principally to the west of the Mississippi (1875), 
8vo., Washington. 

F. V. Hayden, Esq. 


„ United States Geological Survey. Vol. VI, Contributions to the Fossil 
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Preliminary note on the Gold-fields of South-east WynXd, Madras Presidency, 
by William Kino, b. a., DepyfoJBuperintendent, Geological Survey of India , Madras. 

The attention of the Madras Government Having been again called, after a lapse of 
Reason for present brief nearly forty-two years, to the occurrence of gold in the Malabar Dis- 
reporL trict, it was eonsideyed advisable that an examination of the country 

should be made by the GeologicaVSu^rey^ India.* It now, however turns out that the 
area over which the auriferous deposits agd|p^rtz *ee& ^attend is so large, that a considerable 
period of time must elapse before a full report of the whole district can be made. In the 
meanwhile, as a gold mining company had been started with the intention of opening 
up the quartz reefs known to exist' in Wyndd, 'and :tuore particularly those near *, 
Day vallah, my attention was first directed to this region. The country examined up to this 
time constitutes a local division of this parfe? of the district and is sufficiently large and 
important in itself to be described separately in these Records. *+« y ^ 

The intermediate elevated terrace of mountain-land lying between the low , country of 
Topography of Wyn4d Malabar, the loftier plateaji of the Nilgiri mountUhs, 
plateau. Mysore territory, called the 4 Wyndd, has been conveniently separ- k 

ated (principally by the Coffee Planters) into three divisioj^ North Wyndd^, South Wyndd* 
and South-east Wyndd ; and these larger areas are agailk^rceUej| out after a qative classic 
fication into Amshams. South-east Wynad includes among offoeys the Nambalicode, Moondd* ' 
and Moopia-ndd Amshams, the latter being the most north-westerly o&the three, and touching , 

a a. l&xJl ... ' 


on South Wyndd or that in which the central village of Vythery is situ) 
principal town of the plateau, is in North Wyndd. 

The present paper has to do with so much of 
south-west of and alongside the road from Gudaliir 
vuttom of Atlas-sheet). The other boundaries are 
on the east-south -east ; the great line Of precSpi 
(Careoor ghdt) to the mountain of VeEaramuUaon the 
shad running from VellaramuEa to Sultan’s Battery 

This mountain terrace has an elevati^ifO an f ? 

' ' ,<V-. & ‘ rise peeked ,rid^os'>4i4 hiHs 

from 3*500 to 7,0QQ feei V 
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Along the edge of the gb&ts, occasionally for short disatnces inside of tlJfese, .and down 
_ Af the great ribs and intermediate trenches to the low country* all the 

ground *s covered by dense and lofty black forest. Inland, tWbre 
are rounded grassy hills enclosing valleys, interspersed with good bolts of forest, most of 
which is, however, of poorer tree jungle than that of the gli&ts. Nearly all the valleys 
coniain swampy flats, which are laigely cultivated as paddy or rice-fields. The coffee 
gaidens, which are the European speciality of Wjnad, have, as a gencial rule, been made in 
clearings near the edge of the ghats in the black forest, 01 in the denser parts of the inland 
jungle. 

A good deal of misconception appears to exist as to the healthiness of Wynad. As far 
Climate as my cwn peisonal experience goes, the climate from the end of 

September to the middle of Januaiy is tolerably well adapted for 
Europeans. I am informed by the planters that it is even healthier fr<Sh May to September ; 
so that there are only three months in the year when the country is not healthy. Many 
planters leave during these months foi the coast, or the Nilgiiis; but otlicis are known to 
have remained with their wives and children foi two and three years continuously. 

On the other hand, the climate is not suitable to the natives, except such as belong to 
the country, as the Chetties, Mop&hs, Korumbars, Pannirs, &c. ; hut much of this unsuitabi- 
lit y, may, howevei, be due to carelessnoss of the men brought into the country, and the fact of 
their being away from their homes. 

Next to the tremendous rains of this region and the two or three unhealthy months, 
the land-wind is perhaps one of the worst evils to be encountered. Bungalows are built 
so as to present a sheltering side to it; it is dangerous to sleep in; and it is about as 
disagreeable to bo felt or beard as tbe bleakest east wind in England. Foitunately, it seldom 
lasts all day except for a short time in the year ; and in its place comes the oppositely mild 
and soothing wind from the western sea. 

The Malabar District has been famous for gold from time immemorial. Gold is still 
History of tbe gold washed for m the low country nnd in Wjnad; and it used to be 

t,om got in old dajs from quartz ‘leadeis’ in the hill country around 

Dayv&llah, Nelli alum, &c. Two tribes of people obtain the gold. The J Panmrs wash for it 
in the alluvium, surface soils, and river sands. The Korumbars dug down to and excavated 
t the quartz leaders. Tradition says that Urge finds of gold have been made at odd times by 
the Korumbars. The Pannirs rarely find more tliaq four annas’ worth of gold in a day each 
man. The latter only wash for gold now (in the Wyndd) in the off season, when they 
( annot get work in the coffee gardens at five annas a day. 

In 1793 the gold mines of Malabar appear to have been noticed by the then Governor 
of Bombay, who tried to get information on the subject ; arid they were farmed by the 
Madias Government in 1803, 

In 1R31 Mr. W. Sheffield, Principal Collector of Malabar, wrote an interesting report on 
these gold mines, upon which Lieutenant Woodly Nicholson, 49th Regiment, Madras Native 
Infantry, was deputed to explore ihe country with a view to the development of this industry. 
The totter officer visited the Nambalicode Amshatn, examined all the old workings of the 
ftqratyhaM on the Chulaymullay near Dayv&llah, and obtained gold from the surface wash- 
toga III * ame neighbourhood. dim visited all the known gold localities in the low 

S eif i )|4toba*. Ho dofa not seem to have thought much of DayvAllab, and the gold fc 
Wti toW so pure as that from the plains. His acquaintance with the practical 
tir dpi #ftter and his knowledge of the geological structure of the country were 

ii *i e 
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very poor,' bu? his pejseverance at the work was marvellous under the difficulties, real and 
imaginary, with which he had to contend. A committee was then appointed, consisting. ol' 
M*. F. Clementson, Principal Collector, Major A. Robb, Superintending Engineer, Malabar 
and Canara, and Dr. F. W. Ward ; and an able report, dated 25th May, 1833, was the 
result. These three gentlemen practically condemned the working for gold, as an European, 
industry, in the low country of Malabar. My own examination of the plains has as yet only 
been a cursory one ; but withouf going so far as this decision, I am inclined to agree to a 
great extent with it, more especially as it would appear from what we now know that there is 
sufficient evidence to show that European energy is more likely to meet with success in the 
Wyn&d. 

v In 1865 or 1866 Mr. Stern (of Australian experience) paid a prospecting visit to Wynad 
and made trial o£ thq, alluvial deposits, of which there are several in the form of flat swampy 
land along the courses of the streams. He tried near Dayvallah by sinking pits to ‘bottom 
rock * and always got gold, but not in sufficient quantity to make it worth while continuing 
his work. 

Within the last year or so attention was again called to the occurrence of gold in the 
Wynad. Some of the planters had lived in Australia previous to their coffee experiences, 
and being more or less acquainted with quartz and its occasional associated minerals, they 
were naturally struck with the quartz in Wynad, while they also knew that gold was, and is, 
obtained by the natives. There was, however, a want of capital, and no one had seen gold 
in the quartz until Mr. Withers, the present Manager of the Alpha Company, came down to 
Wynad. Mr. Withers, Who knows how to wash for gold, and is acquainted with quartz 
reefing, prospected the country for a long time until he felt convinced that nothing was to 
be done at alluvial and surface washing. He then explored the old pits and workings of tho 
Korumbars and finally settled on a quartz reef in which he found gold visible. This reef 
and the ground alongside had been extensively worked in old times by the KorUmbars. .In 
one of the numerous caves he found the remains of one of these native miners, and thus the 
lode came to be called the “ Skull Reef.’* 


The Alpha Gold Company was then started, the prospectus of which states on the 
authority of “the Company’s Manager and two of the Directors, who have had much experi- 
ence of quartz-reef mining in Australia,” that the stone will yield about one ounce of gold 
to the ton of quartz. 


The most common mode of occurence of gold in South-east Wynad ' is naturally in 
Alluvial sources of gold, the Recent deposits, such as surface soil on the hill-sides, the 
not rich * stream sands and gravels, or the true alluvial flats (Vayals or 

Veils) which are so frequent a feature in this upland as to have given it the name of the 
“ land of swamps” ; but in pone of these ways does it seem that any large quantity of gjpld 
is stored up, except perhaps in the swamps which have as yet only been triM by Mr. Stern, 
when they were found to be as poor as the rest of the land. 


From 


The surface soils are generally very thin, and they are not extetisive c 
any large attempt at 1 




ie soils. 



perhaps the favorite resort of the Ifynnirs i 
known patches of ground produce a certain small amount of , gold. ' 
men worked for me at places around Dayvalldh, but they ■ never 
pay for their employment at five annas a daytfor each 


chance on richer finds. The largest known fragment of g 
in Wyn&d weighs oyer seven pennyweights, but it.cont^iiN 
andjs not much rolled ; in fact it hat evidently noVbeeh jr 




to 1 justify 
are 
&om' . 
'bccasions these , 

. , w , as would' 

tonally, however, they 

«j* jggt fbw years 

It is of pale colbr^ 
from the present reef, , 
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and has thus not been subjected to that exposure and attrition which seem necessary for the 
production of the finally purer metal usually obtained from alluvial washings. In addition to 
tins, a further small rolled fragment of good yellow gold without quartz, weighing nearly ^.1 
grains, was lately found by the Pannirs of Dayvall&h ; and a larger one, weighing 21*9 grains, 
is in the possession of Mr. H. Y. Ryan of Glenrock — Mr. Minohin and Mr. Ryan have each 
occasionally employed coolies on their estates to wash for gold, but they do not find that the 
quantity obtained is sufficient to encourage any further coloration. The latter gentleman 
has collected 8*1 dwts. of gold, amongst which is the small nugget just mentioned. Out of 
this, 15(>9 grains had to be collected by amalgamation and there were 21*6 grains of dust. 
The goti|P|herally found by the Pannirs is in very fine dust, or in small flat spangles only 
collectible feom the black iron-sand, finally left with them, by amalgamation in the wooden 
washing dish or murriya ; but at times there are somewhat larger pepitas. This size of the 
grains agrees with what I have seen of the precious metal in the matrix. ' 


for. 


The stream sands are next resorted to, but they are of no extent in this part of Wynad, 
Prom stream sands Ac as there are no large reaches, or hollows in the river beds in which 
gold could be stored up, while, as I shall presently endeavour to 
show, there is not much likelihood of its being retained in them, even if it were washed down 
in any quantity. As it is, the usual small amount of gold is obtained here also by the 
washers. In both conditions of deposit, as surface soil, or as river sand, the men nearly 
always only Bcrape a few inches of stuff from the surface ; they do not dig down to bdttom- 
rock, or to any bottom-layer of compact stuff answering to pipe-clay. 

It will thus be seen that a somewhat different mode of occurrence of the gold dust 
Poverty of these accounted (not in pockets, or at the bottom of lighter and permeable 
materials), and system of washing adopted (surface scrapings 
only being sifted) exist in Wyn&d from what is known in Australia and California. Much 
of .this may* be attributable to the heavy denuding force of the south-west monsoon ; 
or, in other words, a very large proportion of the ore weathered out of the quartz veins and 
adjacent country rock is carried down during the rains to the low country of Malabar. At 
such times every stream in Wynad is a rushing torrent in which no sediment is allowed to 
rest until it reaches the slower-flowing, wider and deeper, rivers of the plains. As the mon- 
soon slackens, a little new auriferous soil is allowed to remain on the cleaned hill sides, and 
the old. basins and reaches of the stream beds are again filled up with their usual accumula- 
tion of mud, sand, and gravel, and thus a small supply of gold is collected. There is no 
doubt that in the decreasing flow of water, gold dust and heavy iron sand must necessarily 
at many places settle down first in the hollows, bat tlJese are few and far between, irrespect- 
ive of their being difficult of access^by the natives. At any rate such places are not known 
or searched to any extent in Wyndd ; and it seems to me that the fact of the men preferring 
generally to wash stuff scraped from the surface of the coarsest gravel |nd sand banks (tho 
very places where the drifting gold would be retarded by the rough bottom and then permit- 
ted to settle down among the stones) points directly to the transporting power of the mon- 
soon streams. This is also borne out by the habit which the men hare of going at certain 
' ; ';ttf^ A ls to places known to them as haring yielded gold on previous occasions, where they 
the accumulations of centuries ql denudation, but the gatherings up of only one 

parts of Wyn&d^ and more particularly around Sultan's Battery, or in the 
^ghlmurhoo^<^^ the valleys are filled in with exten- 

• Wamithiek atbmal d^pqsita th^)%h which thestreams almost 

m long 

& dee^ sia dangerous swamps* In JfamMjpipode and Mqoo&d 

■ \ 4(r V .. *' * . - . ' ‘ ’ 
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these alluvial# flats aTe not so frequent, and they are* small in extent. There are no traces 
anywhere of their having been searched for gold, except in so far as the patches of suvfyce 
sdtt alongside the streams, or on the edges of the flats, where auriferous soil could gather, 
may have been searched by the Pannirs. 


There can hardly be a doubt but that gold in some quantity must lie in these deposits, 
for when they were being laid down, even if the present rainfall existed, it is quite evident 
that the flow of water was sufficiently retarded, possibly by lakes which then occupied the 
places of the present flats, to allow of a great thickness of separate patches of the denuded 
material of Wynad being retained. It is, however, very questionable whether th||famount 
Difficult to be worked would be sufficient to repay the washing of such places, for they 

are throughout the year charged with water for the greater part 
of tbeir depth, afld they are largely made up of very unstable materials. The cost of exca- 
yation, puddling, and pumping engines necessary to keep large works free of water would be 
enormous. In addition to this, it is probable that work could only be carried on in the dry 
season, three months of which are unhealthy for both Europeans and outside natives, parti- 
cularly in these low-lying grounds. 


The places where gold washing has been carried on in the area under description are 
No traces of gold washing frequent in the Nambalycode and Moonad Amshams ; but there is 

in northern Amshams. now no tradition of such work ever having been earned on outside 

of these, although in Mr. Sheffield's Report of 1831 mention is made of places, such as 
Choolyode, purporting to be in the neighbourhood of Sultan’s Battery, where indeed there are 
Pannirs, though these men are not skilled in the use of the washing dish. This apparently 
unsearched condition of the northern part of the field, and the ignorance of the Pannirs as to 
the use of the mnrriya would seem to indicate that there should be no expectation of finding 
any gold dust in that part of the country were there not the view that there was possibly 
always sufficient occupation for these men in the well cultivated lands of these northern 
Amshams* while in the Nambalycode country, &c., they were driven by the land-owners to 
search for gold, the land not being so well adapted for agricultural work. 


The next source of Wynad gold is the matrix or the quartz veins, and to a slight extent 
The conditions of gold in tlie rocks traversed by these ; and here again the> natives of 
the matrix. Malabar have been beforehand in raining operations though only 

in a very small way when the enormous extent of veinstone is taken into account. These 
Korumbars have worked the smaller and mom easily broken up veins often to a depth of 
60 or 70 feet. The western slopes of many Jt the hills in the three Amshams already enume- 
rated are burrowed like rabbit warrens with pits, often only four or five feet apart, and 
communicating by short galleries. Chulaymullay, one of the conspicuous headlands of the 
Western Gh&ts near Dayvall4h, was once extensively mined in this way. Lieutenant Nicholson 
thus describes what be saw in April 1831 : “ After cutting our way for several hours id the 
thickest part of the jungle on the mountains, we came upon the mine in question,, consisting 
of three shafts about five feet each in diameter, and ten froth each fbrming an 

equilateral triangle, the deepest of them extending to about seventy . ^ fee^, - since a stone 
dropped in took four and a half seconds to reach the bottom* We soon found that. this mine 
was hot the only one, for, having penetrated as far as we possibly eouldi through the jungle 
towards the summit of the mountain, we discovered no less than twenty«fev#a ehafts all sunk; 
in the same manner and forming a chain of triangles as before He disposition djf , 

which; with regard to each other led me to suppose that the^ihb^^ counter- 

shafts eommunicating with each other, and prdbaWy exte^^^ shiA whfe3h ; 

I tihst may be discovered on the arrival of the pioneers.” of work ta to he 
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seen near N&dg&ni Bungalow and Westwards, towards Chulaymullay^near lAlliallum, and 
ftwij on to Cheyrumbadi. In these places these men seem to have led water to the steeper 
hill slopes and got at the numerous small veins on the foot-walls of the larger reefs t>y 
regularly sluicing down the hill-side even to the extent of causing occasional landslips. In 
the Glenrock Estate the upper part of the groat valley or churrum in which it is situated is 
all of fallen earth, and there are still evidences of largo sluicings having been carried on, 
while the face of the ridge north of Hudiabettah is pierced all over with pits as in 
Chulaymullay. * 


According to every information that is to be obtained, the whole of Wynad appears to 
Wyn&d generally a country be traversed by quartz reefs, some of which appear in the low 
of quartz reefs country of Malabar, while others are traceable into the Ouchter- 

lony *valley ; and even, it is said, on to the spurs of tho Koondah mountains to the south. 
At present it is only known certainly that they are very strong and numerous in South- 
east Wyn&d. 


In the Nambalycode Amsham there are at least eighteen reefs, nine of which are 
auriferous ; and the immediate neighbourhood of all has been 
worked by the Korumbars, or washed by the Pannirs, for gold. 
Most of these eighteen reefs are traceable northwards into the Moonad Amsham. 


Auriferous reefs. 


Still further westward, by Pawlalur, Cheyrumbadi, and Cholady to Vollaramulla, there 
are at least twenty-four more reefs, those in tho neighbourhood of Pandalur having had 
their * foot-walls* and ‘ leaders’ very extensively worked in old times by tho ivorumbars. 
Those of Cheyrumb&di and Cholady have not yet been sufficiently examined ; but it may be 
hero stated that one of the richest gold-washing regions (Kathaparaye) of the low country 
could only have boon supplied with its gold from the Cholady and Vellaramulla drainage 
basins. 


The gold obtained from the reefs is of a pale color ; that from the leaders and wash- 
Appearauce of gold from in g & is generally yellow ; and that from tho surface washings 

reefs and washings. nearly always of a good yellow color. The natives know this 

difference, preferring the * mud gold* to the * stone gold,’ which last thoy designate also as 
* white gold.* 


Fragments of stone gold are found at times by the Pannirs in their washings of 
surface soil ; but there is nothing known of jflfte gold dust having ever been got in tho 
wasbings. 


Quality of alluvial gold. 


In an assay made of some of the gold obtained by Lieutenant 
Nicholson in 1831, the following result is given : — 


D ATT ALL AH. 


(told ... 
Silver 
Copper ... 


90'88 

896 

*86 


160*60 


gold obtained by the washers ; for Nicholson does not seen* to have 
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Two* sauries from auriferous surface soil near Dnvvall&h have been assayed by my 
colleague Mr. Tween, *one of which, as will be seen, is very uoar Nicholson's specimen, ^hile 
the second is richer. 


• 


Carats. 

C. grains. 

No. 1, Gold 

0300 

- 22 

1 Fineness. 

Silver 

7'00 

ss , 


No. 2, Gold 

... 90-00 

= 21 

2£ Fineness- 

Silver 

8-67 

= 


Neither of these three assays comes up to the quality of the dust obtained by Nicholson 
in 1831 fiom the Malabar low country, which varied from 94*53 to 99*22 in the percentage 
of pure gold. 

When the matrix gold is analysed a very different result is obtained showing a consider- 
nblc Jailing off i ¥ the fineness of the ore. There is also a much greater disparity between it 
and the alluvial gold than is usually displayed between the two kinds in Australia, or even 
in California; though the percentage of pure gojd in the Wynad ore is nearly the same as in 
that of the latter country. 

Mr. Tween has supplied me with the following assays : — 


1. 


2. 


3. 

Skull Reef 


Monareh 


Mixed 



Reef. 


sample. 

Gold ... 07*07 

Gold 

... 8269 

Gold 

80 86 

* Silver .. 32 93 

Silver ... 11 ‘32 

Silver 

1096 

cording to the scalo of fineness 

make the ore 

of — 





Carnts. C. grains. 


Skull Reef 



15 3 

Fine. 

Monarch Reef 



19 2§ 

ft 

Mixed sample 

... 

... 

20 2fc 

ft 


An ounce troy of the mixed sample, taking the mint prico of standard gold at £3-17-10 J, 
would be* worth £3-13-0^, or about Rs. 36-12*2. 

The sample from the Skull Reef is remarkably poor, and if it be a fair average (which 
I do not think it is, as I have scon gold at times in the richest part of the lode having a 
much better color than that of the amalgamated sample tried), it would reduce any calcula- 
tion as to the return of this reef by nearly onc-third. The specimen from the Monarch Reef 
is only from one crushing of four pounds of stone ; and cannot be considered as so fair a 
sample of gold right across the lode which was the case with that taken from the Skull. The 
mixed sample iR from amalgamated ore taken from six reefs ; and it may be taken as an 
average for Wynad gold as far as it has been yet tried. It is very probable that the fineness 
of the gold in the different reefs will vary just as frequently as it is known to do in other 
auriferous countries. 

As is usual in most golcl regions, the precious metal occurs here in the reefs or large 

* ,, lodes, in the leaders and spurs; and in the 'casing' or nondescript 

Mode of occurrence of gold. . ,. . r 

rock lining or casing these. 


The ore of the leaders 


and casing is mostly visible, and is what is technically called 


In leaders and small veins, 

is now limonite, or even 


* coarse gold that is, it occurs as small segregations in the in- 
terstices of the quartz, or of the assembled cubical crystals of whaf 
in the interior of these cubes. It is also very often visible in the 


unaltered iron-pyrites which is not quite so frequently seen in the leaders as its pseudomorph 
limonite. A very common mineral in tty Casing of some of the ladders is pyrolusite, in 
which %lso the gold is often visible, The blue-black variety of pyrolusite occurs also with 


the gold visible at times. 
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It is this variety of gold which the Korumbars evidently always sought fir, principally 
froptuits splendid color; then, because it is so easily seem and often obtained without the 
trouble of amalgamation ; and lastly, because it occurs in the casing and leaders or small veifw 
of quartz, all of which were easily broken up in the extemporized mortar holes which are still 
to be seen cut in adjacent blocks of gneiss or quartz, or calcined prior to pounding. The old 
miners seem never to have broken up the big reefs, though they ‘ cayoted* or dug in among 
the * riders* or masses of country rock and cosing enclosed or contained in the interior of the 
leefs. 


Appearance of reefs. 


The gold of the reefs or great lodes is generally 1 fine gold/ or such as is disseminated 
In the reef through the gangue in extremely fine particles quite invisible even 

with the magnifier. After the quartz is crushed and washed, 
this fine gold may be seen on the furrows of the rude wooden dish used by «the Rannirs* like 
little painted waves of color. At times, however, the gold is visible even in the white quartz 
in short streaks and little angular masses ; though it is more generally seen in the same form 
in the red and brown stained ferruginous and cellular quartz. 

The quartz reefs are, without exception, white colored ou the outcrop or when they come 
to ‘ grass' ; so that it is utterly impossible to say from a surface 
inspection whether they shall be lichly auriferous, or not. The 
Skull Reef of the Alpha Company which has os yet shown most gold is as white on tlm sur- 
face as any other of the reefs. , 

All the reefs are badly defined at the outcrop : they just show a few feet over the ground 
and never stand up as marked walls cutting across country as some quartz reefs do in 
other parts of this Presidency. Occasionally, they show well on the eastern slopes of the 
grassy hills, as when their upper surfaces or * backs * just happen to form parts of these 
slopes. 

In such an undulating, or deeply denuded, country as the Wynad, it is difficujt for an 
ordinary observer at first sight to make out the true direction of 
the great quartz-lodes, their dip or underlie being rather low ; hut 
when followed out for long distances they are seen to have a prevailing north-north-west, 
south-south-east strike or * run 9 across the country. At places there may be a slight 
deviation from this; and for short distances there are slight curves; but, on the whole, this 
is the direction for South-east Wyn&d, and it is always across, not with, the stratification of the 
rock of the country. The dip is always to the eastward, generally at an angle of 25° to 30°. 
There is, however, a tendency in the * underlie ’ to be lower on the tops of some of the 
hills, and to increase in the valleys. For example, the Skull Reef at the present place of 
quarrying dips at 20° to 25° east-south-east, while on the top of a hill a short distance to the 
north, some 200 feet higher, it is 10° and nearly flat. The same feature shows in the 
Hamsluck Reef; and the Monarch Reef, at its lowest level, has *a much higher dip than ou 
the hills. * 


Lie of reeft. 


The leaders and spurs, or side veins, strike off to the 
Of the leader* walls, or undersides, of the big lodes. 


westward from the foot* 
They dip and wave about 
in all directions, very often rather to the northward* 


Wo jpfNta ledges or reefs of Quartz appear to vary much in thickness both in their 

^ length and depth, sometimes dying out, or at least becoming very 

iwnmwwp* for short Sistances in their length; and, as I am inclined to 

thus in their depth* Some the reefc are traceable with occasional 
b Ur great distances* the Jtonardh Beef would seem to he Maceable 
$ Other reefs ^how their outcrops It intervals for two, four, or Ax miles* 
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It is much mtfre difficult to say anything as to their depth in the underlie. Very many show 
by their outcrop on th*e hills and valleys that they are 300 or 400 feet in depth. The Hqdia- 
toftta Reef, on the edge of the gh&ts, gives indications of being 1,300 yards down its underlie ; 
while there is slight evidence that some of the reefs west of thiB show down in the low 
country. On the other hand, two large reefs, as they run south of the N ddg&ni-Gddalur 
road, are not seen in the deep trenches, and it is difficult to say whether they are covered up 
or have actually thinned out. 

The thickest actual section is 15 feet in the quarries of the Skull Reef, though there 
must be greater thicknesses than this close by. A good average thickness in most of the 
reefs may be taken as from 4 to 9 feet. The thickness of the leaders naturally varies 
very much. They appear to run generally up to 2 feet or so ; but there is one under the 
Dun^r Reef which is 6 to 8 feet in thickness. 

A very common feature in the outcrop of the big * ledges ’ is, that they show strong on 
the higher parts of the ridges and hillocks traversed by them, and thinner or not at all in 
the saddles. This at first sight points to a probable thinning out in depth ; but there is the 
view that the higher ground is more open to denudation while the saddles would to some 
extent be covered up by ddbris of the country rock, and their slopes are not so steep as 
those of the ridges ; the outcrops, too, are deceptive, for they are often encumbered with big 
lumps, of fallen quartz. Indeed, the masses of fallen quartz are in some places so large and 
so tumbled together down the western slopes of the grassy hills that they give the appearance 
of stone in situ . 

The rock of the Wyn&d, or as it would be termed in ifiining regions the ‘country rock/ 
is gneiss, belonging to the oldest kndwn series in India, termed 

Rock of the country. variously the Crystalline , Gneissic t or the Metamorphic series ; 

Gneiss. and is of very variable constitution in different parts of the coun- 

try. Ordinarily, there is a massive foliated qu^tzo-felspathic, or 
quartzo-hcfmblendic variety, with intercalations of micaceous and talcose schists; but all 
these are, except in the bill ridges, generally weathered or decomposed into a more or less 
tough clayey rock, granular and friable with the undecomposed quartz, dark red and brown 
from the homblendic and chloritic constituents, or white, pale colored, and cheesy, or soapy 
from the felspathic, micaceous, and talcose ingredients of the original rock. There is a large 
q uant ity of ferruginous matter distributed through the gneiss in the form of minnte granules 
or crystals of magnetic iron ; and in one particular band in the Marpanmddi ridge, as 
laminse of gray haematite. Hence the red and brown colors of much of the decomposed 
rock; and also its occasional lateritoid character: while at every working of the surface 
soils or the river sands by the Pannirs there is the unfailing accompaniment of bflck 
iron sand. , 

The strike of the foliation, or indeed of the lamination and the bedding of the gneiss, 
is usually east-north-east, west-south -west, the dip being mostly at high angles to the south* 
ward ; except in the Vellaramulla and Sultans Battery country, when a west-north-west, 
east-south-east foliation is prevalent with some folding, and even reduplication of the beds. 

In South-east Wyn&d four belts of gneiss are reoogniaable. Along and south of the 

NAdgini-Gddaldr high road there is the northern edge of the 

0 *** highly syenitoid and quartzose gneiss of the Ouchterlony valley 
and the Nilgiri*. North of this and striking about east-north-east* west-south-west, is a 
highly felspathic band with too minor belte.of chloritic gneiss- In this* the Day vdlJah zone* 
there is very tittle true massive rock until— still going ner|^--4be conspicuous and pic- 
turesque serrated and lofty ridge of Jdftrpanmddi and the Needle Sock is reached. Here 
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a very hard and thick band of highly quartzose and ferruginous gneiss is met with, in which 
the /un of the strata is rather tortuous; while there are indications of a synclinal roll in 
the great wall of rock ci owning the ridge above old Dayv&llah and in the Needle Rdbk. 
In the depression north of the Marpanmudi range there is a wide belt of ihOch more varied 
gneisses, which, on the whole, are not so felspathic as the Dayvdllah band, nor so quartzose 
and hornblendic as that of the Ouchterlony valley. This zone is traversable to beyond the 
Cheyrumb&di hill station, when a further curved belt of gneiss with more schistose bands 
comes in as in the Vythery Chol&dy and Sultan's Battery country. 

In the country just mentioned there are two large hill masses of granitic rock ; namely 
Two 'cores* of granitic rock Yeddakulmullay near Sultan's Battery and Mumramulla or Cul- 
petta hill nearer to Vythery. These are, as it were, great rocky 
cores Around and over which the foliated gneisses were laid down, the gre#t arches or jindq- 
lations of which are now evidenced by the westerly dip * and subsequent synclinal displayed 
in the Ohambra, Yellambalari, and Panora peaks and the rest of the Vellaramulla range, the 
easterly dip of strata on the Sultan's Battery and Manantoddy side of the country ; and the 
narrow strip of folded beds in the wall like crests of the Marpanmudi ridge near Dayvalla, 
south of which there is the generally southern dip of the Ouchterlony valley strata. The 
rock of Oulpetta hill is a very rough weathering, pale flesh-colored, rather coarsely crystallized 
compound of quartz, felspar, and silvery mica, showing no trace of foliation. It wears away 
into huge rounded masses of still harder lock, giving the hill rather a resemblance to those of 
the Mysore country in which the gneiss is often highly granitoid. Yeddakulufullay is made 
up of a mufth finer textured rock of quartz and felspar, and minute particles of black and 
greenish mica, which when weathered looks very like a coarse buff sandstone. On the 
western flanks of the mass, the rock is rather laminated or foliated. With both these cores 
of granite there is a decrease in the number and thickness of the quartz veins ; but these 
appear again quite strongly to the noithwards crossing the Sultan’s Battery — Oulpetta road. 

Otherwise, tile country is remarkable for the non-occurrence of any strictly intrusive rocks 
Hardly any intrusive rocks except in a very small way. There is a dyke of hard, compact dark- 
in South-east Wyndd. green diorite seen for a very short dibtance in the Hamsluck 

estate to the west of Dayvallah. The width of this dyke is about 36 feet ; and it is strik- 
ing east by north, west by south, nearly vertical. It cuts off the northern end of Hamsluck 
Reef. A few small largely crystallized granite veins occur here and there over the Day vAllah 
band of felspathic gneiss, as near the dyke just mentioned and around Gudalur. Largo 
flakes of mica from these are common on the N&dgdni-Gudaldr road. 


In connexion with this rare occurrence of granite veins it may be noticed that the 


Quart* reefii btoom* granitic. 


quartz reefs of Oheyrumbadi are in some cases charged with 
assemblages of large plates of mica of 2 to 3 inches iu diameter ; 


and there thus seems to be a tendency* in the western veins to become granitic rather than 
simple quartz lodes. Likewise from Cheyrumbedi the quaAz of the reefs is becoming 


rather granular And saccharoid. 


Sufficient data have not yet been gathered to be able to write with any confidence as to 
Variation iu country rook kow **efs may have been affected by the different belts 

m m+i * reeftt w ***** of gneiss in which they were deposited. The ledges Oertainly 
“ ' seem to show stronger in the Day vftllah belt. They nip out very 

tMl» mi oven disappear in the hard Majpanmddi range; but they some to grass again 
to tjhi Ipfrtfet this. There are perhaps not so many reefs to the north of the Marpantnddi 
ion# of it. The occurrence of gold in the leaders doss not seem to have 

' m ? 0T °%r on either side of this ridge, for the old Kommbar works are 
and Pandalur as on the Dayvdllah side. 
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The quart* reefs which have been traced oat, or are sufficiently marked, are as follows 
Enumeration of quartz reefr commencing from the Gudaiur side of the country, whew and 

* eastward of which there do not* appear to be any ledges, auri- 

ferous or otherwise, for some miles at least 


Name of Beef. 

* 

Character. 

Average propor- 
tion of gold. 

Lowest proportions 

Highest 

proportion. 

1. Eastern 

Worked on foot- wall ... 





2. Paliampara 

8. Bear ... 

Ditto 



... 

... 

4 . NWfrtfni ...• 

Worked on foot-wall ... 

...... 

... 



6. Monarch 

Auriferous 

... .. 

i dwt..,. 

2 dwt.... 

69. 19 dwt. 

6. Hamlin 

Worked on foot-wall ... 


... 

... 

... 

7 Un-named 

Ditto 


... 

... 

... 

8. Korumbar 

Auriferous 

4 dwt. to ton 

k dwt.. . 

7 i dwt.... 

180 dwt. 

9 . Un-named 

Worked on foot-wall 




... 

10. Cavern 

Auriferous 



... 


11 . Skull # ... 

Ditto ... 

11 dwt. to ton 

2 dwt. 

26 dwt,.., 

, . 

12. Hamsluck 

Ditto 

3 dwt. to ton 

1 dwt. 

7 dwt...»| 


13 . Hamsluck, middle 

, Ditto 

10 dwt. to ton 

8 dwt.... 

12 dwt.... 


14 . llamslado Waterfall 

* Ditto 

11 dwt. to ton 

8 dwt.... 1 

i 19 dwt. 

00 dwt. 

16 . Balearras 

1 Ditto ... 

3 dwt. to ton 

£ dwt. 

... 


16 . Puntaloor 

Worked on foot- wall... 




... 

17 . Hudiabettah 

9 

Auriferous 


* 

* 

. 

18 . Glenrock ... 

1 Worked on foot-wall ... 

1 

1 

... 

• 



By ' auriferous on the foot wall/ it is to be understood that the foot-wall of the reef and 
the side veins therefrom have been dug at by the Korumbars, and that they are reported by 
the natives to have given gold. In these cases, I think tradition may be believed to a 
large extent. 

The Monarch Reqf is, as stated above* traceable for about nine miles from the western side 
Detail* Of auriferous reefs of bridge below the N&dg&ni Bungalow, across the DayvdBah 
road (about a quarter of a mile east of the toll bar), up * e 
long grassy ridge to the summit of a lofty cross-ridge overlooking old Dayvallah; and 
on to the wide gap in the Majpanmudi range, down through the Dingley Dell Estate, and 
on past Koontalaudy towards the Gudaiur— Sultan’s Battery road. At its souther# end a 
drive was put through this reef, where it was found to be 4 feet thick; but t am dined 
to think that this is only part of the reef, a 'rider* or large enclosed piece of the Country 
rock having been met with. The varied results given in the table fropa this reef are 
accounted for in this way: At first, color of gold was got in the samples taken from the 
drive sufficient to warrant the expectation of about 2 dwts. of gam to the ton of quart*. 
Subsequently, a fragment of stone from the ettCfiwe, weighing 8 lbs** Dm* crushed and 
3*3 grains of gold obtained, which is in the proportion of to the ton. 

Stone, in fragments of which gold was clearly visible, was then taken from the same place 
end 850 lbs. of it subjected to rough crushmg in a stamper begging to Mr. W, Minchin, 
and passed over a large blanket cradle, but the outturn was mkmdf 1 disappointing, as only 
about 8 grains of gold were got, and yet more than this *h*d b$m seen before the stone 
was pounded up. It was soon found, however, from eubeequW #*perMents, that the gold 
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must have been lost in the stamping box which was merely a planked strut turn round the 
stamp-head , and as no more trials could then be made on this reef/ an average result has 
not been entered in the table. % + 

The quartz of the Monarch Beef is generally a milky- white coarse-textured rather glassy- 
lustred compact rock. At times it is stained brown or # red along the fractures, and shows 
thin sheets and seams of brown iron rust. Flakes of bright golden colored mica are 
frequent; and there aie rare seams of greenish talc and chlorite. White iron-pyrites 
occurs at rare intervals. The quaitz is rudely laminated with the he of the reef, and spurs 
of talcose schist are frequently running into the body of the lode. The casing is partly of 
* talcose schist, with frequent laminae of pyrolusite. This description applies to so much as 
is exposed in the drive or cross-cut. 

The foot wall and leaders of this great reef have been extensively wosked on the, slope 
of the ridge overlooking the old Dayvallah valley in Mr. Hughes' clearing, and in the 
valley itself. 

Korumbar Reef and fakers . — Between the Hamlin and Skull Beef, there are at least 
live lodes, but they are only traceable at intervals to the district load. One, called after the 
native miners who pointed it out, gave another set of curious returns, which will illustrate 
the faulty condition of the extemporized crushing apparatus with which work had to be done. 

Seven pounds of stone from the Korumbar Beef were hand-pounded and gave 12’40 a grain8 
of good yellow gold ; and a further crushing of the tailings of white iron-pyrites, of which 
thcie was s^aige quantity, added *40 grains to this ; being in the proportion of 8 oz. 10 dwt. 
16 grains to the ton. One bundled and sixty pounds of this stone were then pounded, and 
all but 10 lbs crushed and passed over the cradle, when gold at the rate of half a penny- 
weight to the ton was got. But from the 10 lbs. remaining which was hand-crushed there 
was gold at the rate of 7£ dwts. to the ton In the meantime, another sample of 4 lbs. of 
stone was brought in from a new reef (Ilamslade Waterfall) which gave 7 grains of gold, 
I then went to this reef with the men and quarried out about 70 lbs. of stone jvhich was 
divided for separate trial by wet crushing and by hand woik, when the following outturn 
appeared — 

30 lbs. hand work ... .. .63 grains of gold. 

40 lbs. wet crushing . ... .. 1*3 „ of „ 


The latter sample showed more gold than this in the nncrushed stone. Even if the wet- 
crushed result be true, the proportion for this reef is 10*19 pennyweights. It was evident, 
however, that gold had been lost in the stamping box ; had indeed possibly never left it, for 
th^ed plate (fixed) could not be completely boxed in. 

The outcrops of these reefs are very short for any continuous distance, but there can be 
little doubt thax they will be found continuing northwards nearly up to the Marpaumddi 
ndge ; and some of them show down in the NAdg&ni estate iu the Carcoor chtrrim. They 
are thin, about 3 to 4 feet on the edge of the cherrum, and look at other points as though 
they kept to this. Their appearance is very favorable, being more or less colored with oxide 
of iron, laminated, and full of white iron-pyrites ; and they show gold at times ; in fact, they 
ire just as promising-looking except in the matter of size as the reef to be noticed next. 


\ Ifa^-^febe outcrop of this lode is traceable nearly continuously for 

iMrt furlongs, but it Is in all probability connected with other outcrops of quartz to 
a" taWflpW® tangth of at least four miles* OMy a small part of the southern end of this reef 
hm tylpn up hy the Alpha Company. At the southern end it commences on the edge 
{ a little more than a mile ant a half due west of the ifadgAm Bungalow, 

« Mg MImIM knolls of this pert of the DayviUah country* Thence it runs up to 
top Of Itfflp Nrl<»Wns Dayvfillah and down to the road a short distance east of 

the httutr* feedm frfta Its foot- wall cross the road nearer the village and run 
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through the gooded hillock on which the old tort in situated. Its next appearance is m a 
high ridge on which the Boman Catholic Chapel is built, and: again in the Hatfewood and 
Bintail Estate east of Mr. Hamlin's bungalow. Beyond the cross range of MarpUnmtidi, 
it again shows* in the bottom of the Strathern Estate : and still ijirther northward in the 
Nallialum country. s 

The direction of the vein? is, as usual with these south-east Wyn&d lodes, viz,, north- 
north-west, south-south-east, with a dip or underlie varying from 10° to 26° east-south-east. 
On the top of the hill overlooking Dayv&llah the angle is low, in fact becoming flat, but it 
increases as the reef descends, being at the quarries about 20° to 25°. At the place of 
quarrying there is a large irregular surface of the vein exposed on the eastern slope of a 
grassy spur of the hills. This is full of caverns excavated by the old native miners who 
evidently scraped and dug at every bit of casing, enclosed country rock, and the leaders* 
The»Manager o£ the Alpha Company is at present quarrying in at this exposed surface, and 
preparing stone in readiness for the crushing machinery which is to arrive in a few months 
from Australia. At the quarry the reef is about 15 feet thick, of rudely laminated quarto; 
laminations with the dip and strike. The back or upper stlftface of the lode is of coarse 
white quartz, from this, as was seen by a cross-cut through the reef, the rock becomes more 
and more ferruginous and stained of dark brown, black, and reddish colors, cellular or mouse- 
eaten, and charged at times with white iron pyrites much of which is decomposed, sulphate 
of iron and oven traces of sulphur being left behind. At about 12 feet the quartz is more 
highly colored, very ferruginous, very cavernous, and gold is often visible in minute strings 
and masses. The quantity of rock worked out has not been sufficient to show whether 
there is any definite ‘ gold streak ’ in this lode. * 

Through the kindness of the Directors of this Company and \heir Manager, Mr. Withers, 
I have been supplied with a fair set of specimens from this cross-cut, which have been 
crashed, washed, and amalgamated in a rough manner. Very good color of gold was got 
in nearly every dish of pounded stone ; but the results from amalgamation were very poor 
at first. • The enormous quantity of iron pyrites associated with the gold came in the way 
of amalgamation, causing the mercuty to granulate and beoome coated with the iron, 
sulphide ; in fact * fiouing ' (Australian term) set in. 

I have not been able, owing to the difficulties in the way of crushing, failure of "some 
experiments, and a want of time, to obtain a complete series of specimens and results from 
one cross-cut in this reef, much less from different parts of the lode, which would, of course, 
be the fairest way of testing the quartz, but such as have been got are now given— 

Specimen 
of quartz. 


1 

2 

2 

4 

5 

6 

y 


Weight. 

20 lbs 
28 lbs. 

SO ibs. 

18 lbs. 
id ibs. 

is ibs. 


Appearance, color, &c. 


Results. 


Depth in 
out fum 
wlPof 


Compact, coarse texture, laminated ; white color ... 2 dwts. to ton 
Still white in color, but stained with ferruginous matter 2*5 dwts, toAon 
Whitish, more discolored with iron ... ... Nona 

Ditto ditto ditto ... . * Good color to 

Still white, lrat terrngtoou. ... ... 6‘lBdwt., tot*) 

■WSSMJSi 


DHtO ditto «> <Ut*0 _ 

a»ud in aj pnraeakr Hr, Witter*, 
vitrei* * ... ... ... 


** sod prWuwwt. 


‘baor . 
roof. 


1 st foot 
Hid toot 
Mb foot 

7th foot. 

10th toot 

12th toot 


>. to too 18th toot 


f 
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Por this cross-cut there is therefore an average result of 11 dwts. to the Jon. . At this 
point the riohest part of the reef is a band of the laminated quartz shout two feet thick 
within a couple of feet of the footwall or underside of the reef. The average of this rich 

band is 22*68 dwts. a « 

• 

Hr. Withers informs us that he has got almost as good results out of a shaft and cross 
tunnel which he made at the southern end of the outcrop, but that the reef is there narrower, 
about 9 feet in thickness. 

Hamsluch Beef, — About half a mile west of the high hill-outcrop of the Alpha Com- 
pany’s Beef overlooking Dayvdllah village there is another strong lode cropping up in 
Mr. J. W. M inchin’s estate of Hamsluck. The lowest part of this reef, or what is seen in the 
bottom of the valley at its foot, is about three furlongs in length ; and from this as base the 
reef slopes up the eastern side of a hill about 300 feet high. The strike of tftc reef is aflout 
the same as in others : the dip being about 20° to the eastward, though it is at a much 
lower angle on the summit of the hill. The known thickness of this reef is from 4 to 8 feet. 
The lode is cut off to the nofth by the dyke of green stone already noticed. It is traceable 
southwards into the Chullaymullay mountain, and probably runs under the northern end of 
Perseverance Estate. The eastern slope of the Ckuliaj mullay alongside the latter estate has 
been perfectly riddled by the pits and excavations of the old miners who evidently worked 
at the side veins on the underside of the lode. Small samples of quartz were crushed, and 
gold was always got showing clear in every dishful of stuff ; but the result was gmall owing 
most probably to the presence of a great quantity of iron sulphide. Subsequent crushings 
gave the proportions shewn in the table. # 

• 

Dvnbar and Balcarras Beefs . — About two miles further west, but on the northern 
side of the deep trench leading to the low country by Carambat, there is a good outcrop of a 
reef about 4 feet thick in the Dunbar Estate. Mr. Powoll, the Superintendent of this garden, 
when down showing me the reef, was successful in knocking out pieces of quaitz in which 
small streaks of gold were visible. The underside of this lode is very like in cblor and 
contents to that of the Alpha Company, the richer seam in the quartz being on this side. 
Leaders are numerous and large. The casing is of talcose schist, and seamed with ferru- 
ginous and manganese streaks. 

The lode is traceable northwards into the Balcarras Estate, where there is a great show 
of white quartz on the eastern slope of one of the low hills. This part of the reef has been 
very extensively riddled by the old miners. In fact, all its extension northwards towards 
Pandalur has been washed, and its immediate neighbourhood on the underside is still a 
favorite locality for washing duririfc the rainy season. It runs through the Elizabeth and 
Sandhurst Estates, and close alongside the Caroline and Mr. Holmes' application, and thence 
northwards. 

My observations so far appear to show that quartz-crushing should be a success, in the 
* Nambaly-code Am sham at any rate. Here, there are eighteen reefs 

^rospeeta of Wyntf up to w hich are more or Ibbs auriferous in themselves, or as to their 
leSders. The leaders and underside of these are all known, or 
repotted, to he auriferous with coarse gold; and it is probable that the great reason they 
yutt ndtjWAed now is that the pits necessary to be dug by the Korumbars would be too 
j m tW* Style of work, water being the great obstacle likely to be met with. The 
big rtWfc nofc worked by these men on aooount of the difficulty of breaking up the 

stone, fttad t&Sgttte the gold is distributed too finely through it to have paid hand labor. 
With machinery end modem appliances, the reefs # should pay even if only 3 dwts. of gold 

m # iMI Ai# ** «* ^ 
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The 'aveilge proportion of gold for fifteen trials on different reefs is at the rate of seven 
pennyweights to the ton ; and it* is almost certain, that many of these would have given 
abetter outturn, ^ coaid more perfect crushing apparatus have been used at the time. 

The fineness or touch of the ore is inferior to that of Australia, but it compares favor- 
ably with Oalifornian reef gold. The percentage of *86*86 is given above as a fair average, 
for on looking at the differences between alluvial and matrix gold in other regions, it is 
found that they agree very closely with the difference between this sample and the alluvial 
ore of the upland ; while the assays of the Skull reef, and the upland and low country 
washings do not exhibit any gradation consistent with the amount of exposure to which the 
two alluvial golds must have been subjected. 

In Australia these ratios are as follows : — 

Percentage of 

** pure gold. 

Alluvial gold 23 1$ 97*500 

Matrix gold 22 0$ ..*► ... 92*875 

Difference ... 1 01 ... ... 4*625 

Californian tables give about the same difference, but the fineness of the gold is much 
lower, viz., 21 c. 0 eg. or 88*00. * 

The Wynfid experiments give — 

_ . Percentage of 

pure gold. 

Alluvial 21 3 } 91*95 

Matrix 20 2$ 86*86 

Difference ... 1 1£ ... ... 5*09 

Thi# close approach of differences for the three countries implies also that a richer gold 
than this is not to be expected from the reefs ; though it must not be forgotten, as already 
stated, that the ore from the small veins and leaders is evidently superior. 

The reefs are easily got at, the gneiss traversed by them being often wonderfully decom- 
posed almost to any reasonable depth. For a long time there may be no necessity for deep 
sinking, as a large quantity of stone is held in the many rounded hills so common over the 
country, and thus little trouble is to be anticipated in getting rid of water in the mines 
when drives can always be made at low levels. The very prevalent idea that the gangue 
must necessarily he richer the deeper it is searched, will doubtless be brought to bear on any 
mining which may be carried out ; but the safer plan in a preliminary opening up of a 
country like this will be to work at what will pay, rather than venture to mine ground 
requiring expensive pumping apparatus, in which there is— after all that has been written 
on the subject— no absolute knowledge that there must be more* gold. It is worthy 
of notice that the present surface of Wynad has probably only been exposed after a slow 
wearing away of over 2,000 feet of superincumbent gneiss which was once continuous 
between the Nilgiri mountains and the Vellaramulla range, in which *1^; veins , 

may have been continued in their upward hade to the westward ; and that reeft 

become richer in depth, then the richness now got of 7 p*?®nya^ 

2,000 feet, is not any great increase on whatever mj att&t- 

then higher outcrop ; while, if the same ratio of increase 'is "to'. on, any further, 

considerable increment of gold can only b^e^peoted at a gn&ater than is lihely tube 

reached on the plateau. A reasonable view is that the rich streaks of gold 

will be exceedingly variable ; while the prevalence of very dust in Mdah^ indi* 
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cates that fine gold is perhaps most evenly distributed through the matrix, &nd *therefore 

that beyond the first fifty feet, to which depth weathering may be supposed to extend, the 

return shall be tolerably constant. « • 

< 

The working of the mines may possibly not be as cheaply done as the present rate 
of wages in Wyn6d would lead one to expect. The coolies employed on the coffee estates get 
from 4 to 5 annas a day per man ; but there is a decided scarcity of labor, and thus a higher 
rate must follow if the quartz reefs are to be worked. A* further addition will be in the 
employment of a small number of skilled European or Australian workmen in the handling 
of machinery, and in directing the getting out of the largest quantity of stone, and timbering 
up. Still, with these additions, the labor in Wynad may be expected to be always cheaper 
than in other gold countries. 

Great facilities towards the crushing of the stone are presented iu the way of water- 
power, which might in some cases be obtained direct from perennial streams with sufficient 
fall for any ordinary wheel ; or it might in most other instances be led or stored up without 
much difficulty or expense. The stampers, &c., of the Alpha Mining Company are to be 
driven by steam ; but there would have been no difficulty in applying water-power at the site 
of their works. 

Having then the presumable average proportion of gold in the stone, the value of the 
gold obtained so far, and the quality of the labor to be employed in getting it out, an 
estimate can be made of the possible paying capabilities of the Wynad reefs from fee statistics 
of the cost of extracting gold in Australia, where the labor is manifestly much more costly 
than it can be in Wynad. 

In Mr. Brough Smyth’s “Gold Fields and Mineral Districts of Victoria” the following 
returns are given of the cost of complete extraction of the ore from a ton of stone : — 

£ d. 


Ballaarat District ... ... ... 0 8 8| 

Clunes ... ... ... 103 

Bright ... ... 0 4 4 

Wood’s Point ... ... 0 11 6 

Sandhurst ... ... ... 011 8 

Maryborough ... ... ... 198 

Castlemaine ... ... 0 11 6§ 

Maldon ... 2 1 8* 


Some of these rates are very high and paid on stone got from a good depth in places 
ill-situated as to supplies of wood and water, so that the average of 17s. 4f d. is far beyond 
any expected estimate uf this kind in Wyn£d. 


The value of Wyndd reef gold, when compared with the mil# standard of £3 17s. 10 
is about Rb. 38-12*2 per ounce, troy, which is, of course, somewhat lower than the mercantile 
rate* Seven pennyweights, or the outturn of 1 ton of atone, would then be worth Rs. 12*13-10, 
which would leave a balance of Rs. 4-2*8 on every ton crushed, even if the high Australian 
ever attained * 

miu t now be tiied cautiously, while better or wane results nay in the mesa* ' 


Qed frost experiments which ere being carried out, even before the arrival of 
of the pioneer Company now waiting to venture in the field. There hi no 
jpMf the Aurtralian or-A w erioan gold-fields; no great nuggets have been 
alwnya heeu poor, though there is a small, euppljr of gold swept 
MP fewqr yearfrem the wear and tear of .the quarts lodge* and the areas 
^ be applied are Very smalt ; and the gold which has been aeon in the 
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reefs fe only 4n minute strings and grains. The ground can only be worked out by capital, 
the most perfect machinery, and skilled hands to guide the cheaper labor of the country in 
getting out the stone in the safest and readiest manner. »And naturally, where the percent- 
age of gold in th8 quartz is as yet so small, everything will depend on getting out a sufficient 
tonnage of stone in a given time. 

Until more is known of the gold-producing powers of the Wynad, no better guidance 
can be given than the following by Mr. A. It. 0. Selwyn, Director General, Geological Survey 
of Canada:* “ It should not be forgotten that the most favorable indications are not always 
reliable, and the sanguine prognostications they so frequently give rise to are not borne 
out by the result of actual working; wherefore I should, even under the most favorable 
circumstances, not advise any one to invest in such enterprises to au amount beyond what 
he can afford to |ose without serious embarrassment.*' , 

Hitherto the land iu Wynad has been principally parcelled out in ooffee gardens, either 
Land tenure iu Wynfid free-hold, or paying an annual rent to the Rajahs who hold a great 
quantity of the ground, or direct to Government. At the same 
time, after a certain period, a revenue is derived from all the gardens by the Government, 
whether it be Rajah's land, or not. Now that gold mining is likely to become an industry, 
a new set of land interests arc being developed. The Rajahs, of course, retain their right to 
all minerals and can sell these as they like. The Government of Madras has not yet, I 
believe, decided as to how they are to act in the matter, except that applications for land for 
gold-mining and for agricultural purposes on which quartz reefs are supposed to exist, are 
being reserved for consideration until the question of mining interest is settled. 

In the meantime the Rajah of Nellambor has (according to their prospectus) leased a 
block of 15 acres of land near Dayvallah to the projectors of the Alpha Gold Company for 
twelve years at. an annual rent of Rs. 225. Since then it is reported that the Rajah in recent 
applications demands 10 per cent, on the out-turn of any gold-mining which may be carried 
on ; and ft is very probable he may change this rate. Nearly all the land in the Nambaly- 
code Am sham is owned by the Rajah of Nellambor. Equally, as with the rovenue derived 
from estates on Rajah's lands, it may be found advisable that the gold from those reefs should 
pay a royalty to Government. 

In conclusion, I have to tender my thanks to all the planters whom I have yet mot in 
Wynad for their great kindness and hospitality, and for their assistance iu every way. Also 
for the readiness displayed by tho Directors and the Manager of the Alpha Gold Company in 
allowing me to examine their quarry and giving mo such sjjecimens as were required. To 
Mr. J. W. Minchin of Dayv&ilah the greatest debt is due for having allowed all the speci- 
mens to be crushed at his extemporized stamper and subsequently manipulated by his 
Pannirs and Korumbars. 


* Notts and Observations on the Gold Fields of Quebeo and Nova Scotia 
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Geological Notes on the Khabeean hills in the Uppke Punjab, 

9 by A. B. Wynne, f.g.s., Geological Survey of Iwtia . 

The Khareean* hills are perhaps better known, to the natives of the country at lca*!i, 
by the name of Pubbi, which seems to have an application to their low but broken forms. 
They are sitoated in the Upper Punjab, seven or eight miles southward of the river Jhilarn, 
and station of the same name, forming the southern of the threo mine r chains which link, as 
it were, but without absolute continuity, the salt range to the Western Himalayan mountains. 

These Pubbi bills extend from near tlie battle-field of CMlianwala, and closer to the 
hanks of the Jhilain, in an east-north-easterly direction for about twenty-eight miles in the 
direction of Bhimber (in Kaslmieie territory), but sink into a sandy nallah about four miles 
short of that town. They form throughout a low rugged chain, cut into by numerous 
lavincs, having a general width of three or lour miles, and a summit elevation of som«4 to 
600 feet above the plains of the Jhilam and the more extensive ones of the Goojrat district. 

Their culminating point is towards the western end of the range, and their declination 
eastwards is very gradual. In the latter direction they are crossed by the grand trunk road 
from Calcutta to Peshawur and by the Northern State Railway in progress of construction. 

The aspect of the hills is monotonously arid, barren and rugged, presenting everywhere 
steep or precipitous descents into dry sandy nullahs. Towauls the eastward, the ‘Pubbis* 
are further apart, and scattered cultivated patches occur between the hills, which arc separated 
by that peculiar labyrinth of ravines known in this country and the Pot 'war as ^khuddera.’f 

The lulls are composed of an enormous accumulation of sandstones, sands, conglomerates 
and clays belonging to the upper part of the tertiary rocks of the Noi thorn Punjab. 

From their position it was thought probable that here the Sivalik sub-division of these 
rocks might be developed, and tlieir relations to the underlying beds discovered if the same 
marked unconfoi mity, as occurs in oilier places, existed. On examination no trace of uncon- 
formity within these hills has been found, and though the soft and friable nature ctf most of 
thestiata would answer well enough for the description of Sivalik rooks in other regions, 
their whole character suggests their identity with the uppermost deposits of the Pot'war to 
the north, similar clays and sandstones there having been always found to pass regularly 
downwards into tlie lower and older portion of the series, so far as has been gathered from 
observations hither to made. 

The anangcmcnt of the Pubbi rocks is simple; they form a distinct anticlinal, tho axis 
of which coincides with the higher parts of the range, a downward inclination of this at 
eithoT end bringing at least a portion of the beds round to form the opposite sides of the 
hills. With tho general form described there are many undulations of the rockB in bold 


* The woid in pronounced bj tho natives Klmiee-in, and tho famous battle-field of Chilian wall* they spoak of 
an Clip faiiinoieean 1 

t Ah characteristics of these Pubbi hills it may bo mentioned that tho chief obstacles to pedestrian progress, 
bepidph the innumerable Winds and ravines, are tho difficulty of obtaining foothold <m steeply sloping clay surface# 
covered with small pebbles, sandstone fragments or nodules of knnkur which slide under the teet, the insecure 
nature of virtually weathoied parts of the soft sandstones and clays, and the trying strain In the dry sandy beds 
of nAlahs. 

A Striking feature of the ground is the contrast between Its dryness and the abundant evidence of abrasion 
By Wwtvr* 

Although now so dr> and barren, these hills were once populous and even thickly Inhabited, as is evident from 
th# very numerous laige village nuus scattered c*er them, and the size of some of the graveyards belonging to these 
/ffcldjwj? to the atmospheric erosion which frequently exposes the graves, showing that the potsherds 
left if iotafaitmti# »«<* more lasting than Iheir bones. # , * 

©tfcer relies Of a perhaps still older period are brick blocks of large sixe, though the buildings formed of these 
isii but 
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confluent curves ; tliey sometimes assume horizontal positions, sometimes dip steeply into the 
plains, but never present any high opposing dips to the geueral anticlinal conformation. , The 
lvghest point of longitudinal curvature of the axis upwards coincides with the summit of 
the hills at Koa* Great Trigonometrical Station, oast-south-east of the village of that name 
and some eight miles westward of the trunk road. From this point the beds both slope to 
the ends of the range and curve downwards upon its sides. Here, therefore, in the bottom of 
the ravines the oldest rocks of the exposure ought to occur. 

Those are drab-brown and slightly pink or purplish red clays alternating with zones of 
coarse friable gray or greenish speckled sandstone formed of comminuted waste of granitic 
or crystalline rocks, grains of quartz, felspar, hornblende (or such a mineral) and spangles 
of mica. Layers and runs or scattered pebbles of hard crystalline rocks are not uncommon, 
increasing in quantity as the section ascends, with a predominance of white quartzite frag- 
» monts well worn, until on the flanks of the hills these pebbles of larger size and in greater 
numbors, including a few of hill-nummulitic limestones in many places thickly sheet the 
ground, pointing to the local destruction of loose conglomeratic pebble beds, which, from 
their friable nature, are seldom found in situ. The various and repeatedly alternating zones 
of clays and sandstones are often thick, ranging from 0 to 30 feet or upwards. In eastern 
“parts of the range the clays are more developed, deep kliuds often showing little else than 
zones of thick purple clay, each band purple below and of a bright ferruginous yellow above, 
while .the intercalated sandstone bands are by no means prominent, save where they form 
caps to the hills or hard ledges defining the outlines of the ground in a widely extended and 
multitudinous series of scarped out-crops. 

Through the whole of the sandstones, but rarely (if ever) in the clays, teeth and frag- 
ments of large bones are thinly scattered. The beds may he searched for long distances 
without finding anything more than an obscure fragment broken before becoming embedded, yet 
in the debris between sandstone out-cropB the fragments are more numerous, though seldom 
sufficiently perfect to be worth removal. These fragments have not been found in the clays, 
yet some*dark liver-coloured hones seem to have come from the purple portions of these. 
Fossil wood has not been met with. The bones are usually whitish or buff, the teeth 
too hard to be touched by a knife, the bones often softer and calcareous, while some huge 
tusks are replaced chiefly by a pinkish white soft marly looking brittle clay or earth. 

The state of fossilization exactly resembles that of the Lehri bones thought by 
Mr. Theobald to be of Nahun age (see Records, Geological Survey, No. 3, 1874). 

The remains found in the above described beds include parts of large bones, such as the 
humerus, scapula, jaws, teeth and tusks of huge pachyderms. One of the former had a 
girth of 2 feet 7 inches, and fragments of a pair of tusks measured 12 feet in the aggregate 
with a girth of 2 feet in places. Large molar teeth resembling those of ruminants also occur, 
with some smaller teeth ; portions of joints of less sizeable, leg bones, vertebrae, fragments 
of large deciduous, deer horns nearly as thick at the attachment as a man’s wrist, many 
mammalian rib hones, numerous unrecognisable fragments, and one small piece of the 
armature of a tortoise (?) none of which have as yet undergone comparison or determination. 

From the general aspect of the rocks no hesitation would be felt in referring them to the 
upper portion of the Pot’war tertiary series, but it remains tp be seen if tofeo fossils will 
give any support to the idea that they may be newer, or that these and some upper beds of 
the Pot' War may both be Sivalik, , , 

;» > ■ ■ * '# 

Perhaps the only feature which relieves the stratigTaphical monotouy of these beds Is 

an indication of a slow transition upwards fnto strata even mots incoherent and more recent 
looking than those of the mass of the hills. These upper -and; 'Oulisf " beds are coarse sandy 
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gravelly and conglomeratic layers with drab or yellow clays containing kupkur. (as indeed 
do many of the clays lower in the series). These 'days are of the Same color, and present 
but little difference from the alluvium of the neighbouring plains, while the sandstones and 
gravelly beds or base of conglomerate^ are of a duller and more muddy aspect than the 
clean gray sandstones beneath. In the sandstone or gravelly parts of these rocks an 
occasional rolled bone fragment or broken tooth may be found, and in some of the conglo- 
merates pebbles of the tertiary sandstones themselves occur; but notwithstanding the 
derivative aspect of the bones and of the last-mentioned pebbles, the containing rocks present 
no visible unconformity to the beds on which they lest. On the contrary, as stated, the 
transition to the softeT and more recent looking layers appears to be gradual, while the dips 
are conformable and the newer beds are found all round the elongated oval formed by the hills. 

Limits to these upper beds can only he approximately and arbitrarily assigned, hut they 
may have a usual thickness of from 200 to over 400 feet. * 91 

The thickness of the wholo Pubbi series must also be estimated with caution. For 18 
or 20 miles from the eastern end of the exposure, a continuous succession of layers coming 
out from beneath each other may be traced, all lying at low hut very perceptible inclinations 
which would, even at angles less than 5°, givo a large total depth. When the cross-section, 
however, is considered, between 2,500 and 3,000 feet would seem a sufficient estimate for them 
all, and the probability is that the amount may exceed rather than fall within 3,000 feet. 

Outside the inclined newer light colored layers the alluvium of the plains may be found 
horizontally abutting against and resting upon these rocks. It is of the common diab 
argillaceous or somewhat sandy, and occasionally kunkery or otherwise calcareous character, 
the only traces of fossils observed in it being small, white, dead Bulimus shells and part of 
the skull of some large bovino animal (perhaps a buffaloo) of recent appearance, but buried 
beneath from 8 to 10 or 15 feet of clay and exposed in the bank of a nullah. In neither 
case can these indications bo taken as contemporaneous with the alluvium itself, for in so 
easily shifted and shifting a deposit, organisms of even more recent age might readdy become 
enclosed. Much of tho eastern part of the broken Pubbi country is formed of tho deeply 
ravined alluvium. 

It is to be hoped that the fossils collected, few, imperfect and fragmentary though they 
be, may afford sufficient evidence to relegate these Pubbi tertiary rocks to their- proper place. 
Pending the examination of these fossils, the only conjecture that can he hazarded, based 
upon structural and petrological grounds, as well as Mr. Theobald s paper previously referred 
to, is that the fossiliferous portion of the Pubbi rocks is probably of Naliun age, while the age 
of the uppermost and more recent looking layers remains an open question. 

A. B. WYNNE, 

Geological Survey, 


Camp, 

November 1874. 


The following is a rough list of the fossils collected, by Mr, Wynne during his examina- 
tion of this small range of hills , drawn up by Mr, ft* Lydekker , Geological Survey 
of India, 

1 . — M quits sivalemis, from north-west of Sundpur. 

, (<*)' 2nd premolar, right ramus of mandible. 

(b). Molar and parts of, mandible. 

(*)• First molar, Maxilla/ 

skalensis, from near Ch&ngas* Pubbf l bills-~4istal extremity, right meta- 
carpus. 
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3 ?2?o*| Purr Kuss,* inside of stream, In bank 8 io 10 feet below surface, — part 
of Vnaxilla of loft side, containing 1, 2 and 3 premolars, and first molar. 

• 4. — Bos , near Oliangas, Pubbi hills— * f 

{a). 2nd molar, right ramus of maxylible, 

(5). Fragments of molars. 

6. — Bos, near Changas, Pubbi hills,— 3rd molar, left maxilla. 

<3. — Bos , north-west of Sundptir or Sandepura, — distal extremity, right metacarpus. 

7. — Bos , from Uotrinla to Besa, — fragmentary teeth, mandible. 

8 .~Equus simile mis , from Grotriala to Bosa, — 1st molar, right ramus of mandible. 

9. — Bos , from Gotriala to Besa, — external second phalange, left foot. 

10. — Equus . Pir JafKr, Pubbi, — left caloaneum, 

*1.— Bos, Rir ‘Jaffir, Pubbi, — distul two-thirds, left calcaneum. • 

12. — Bos , Kniara, Pubbi, — neural arch and laminae, thoracic vertebrae. 

13. — Bos, Kniara, Pubbi, — proximal head of radius. 

14. — Cervus, Pir Jaffir, Pubbi, — base of left horn. 

16. — Cervus, Pir Jaffir, Pubbi, — base of right horn. 

10. — Cervus, Pir Jaffir, Pubbi, — portion of liorn. 

17. — Elephas hysudricus, Pir Jaffir, Pubbi,— portion of molar. 

18. — Elephas insignis (?) Ganesa (?), west of Pir Jaffir, — part of molar; staled to have 

» been found with tusks two feet in circumference; from this probably 
belong to Ganesa. 

19. — Elephas, Pir Jaffir, Mosque, — part of tusk. 

20. — Elephas, — part of tusk belonging to No. 18. 

21. — Crocodilus, — fragment of carapace. 

Note.— As tho fossils of Bos are onlj molar teeth and fragmentary bones, it is impossible to determine the 
species.— R. L. 


Report on water-bearing strata op the Surat District, by W. T. Blanford, f.r.s., 
F.G.s., Deputy Superintendent, Geological Survey of India . 

It appears to me, so far as I can form a judgment on the question from the correspondence 
forwarded to me, that the problem presented may be briefly stated thus : To determine how 
far the irregularity in the distribution of sweet and salt wells in the Surat district is due to 
the geological structure of the country, and to ascertain whether that structure renders it 
probable that sweet water will bo found in those parts of the district in which none has 
hitherto been discovered. 

In endeavouring to solve this problem, the first point for consideration is the geological 
structure of tho district, and Ihe second the knowledge which is available of the distribution 
of sweet and brackish water. On the latter head most of the information obtained is from 
local sources and not from my own observation, I am consequently not responsible for its 
accuracy, but any error 1 may make will doubtless be corrected by the local officers* 

The geology of the Surat district is simple.* In the extreme east, About Mindvi and 
elsewhere, hills of basalt and other volcanic rocks are found. Upon these rest limestones, 
sandstones, gravels, &c., of tertiary age, the lowest of which abound in nummulites. These 

* A sketch of it was given by Ur, A. B. Wynne, of the Geological Surrey, la the Records, Geological Stiver 
India, Vol. I, p. 27. I also described it in the Memoirs, Geological Survey, lndiajvol VI, p. 168. 
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rocks are seen in the Tapti river below Bhodh&n and in the Kim river as px west as Ihe 
neighbourhood of El&o, but throughout most of the intervening area they are covered up and 
concealed by alluvial deposits, aud^ they are nowhere exposed, except in one or two small 
isolated hills, throughout the country soujjja of the river Tapti. By far the greater portion of 
the country consists of an alluvial plain, the surface being covered with a thick coating of 
black soil. Along the sea-coast are low hillocks of blown Band. 

The alluvial deposits furnish nearly all the water obtained in wells, and these deposits 
demand therefore rather fuller notice. They consist of clays, sandy clays, and sand, much 
interspersed in places with concretionary nodules of carbonate of lime. Towards tho surface 
they pass into black soil. They may contain beds of gravel (rolled pebbles) in places, but 
such appears to bo uncommon, so far as my information extends. Tho diffeicnt layers of 
sand and clay are probably very irregular in thickness and extent, but sections are rare, 
and very few* borings have been taken. In those made for the Tapti bridge al Surat, however, 
as I am informed by tho Executive Engineer in charge, a bed of hard clay with calcareous 
nodules, in which it is proposed to lay the foundations of the piers, was found to he very 
much thinner on one side of the river than on the other, tho difference, which was not 
precisely determined, amounting to several feet. It is evident that this bed has an irregular 
and possibly a lenticular section, and the same is probably the ease with all the strata in the 
alluvial deposits, whilst the more sandy layers in which, owing to their greater permeability, 
water is generally found, may very often thin out and disappear in the distance of a few 
yards. 

I quiie concur in Mr. McdlicottV remarks on the different reasons which may be assigned 
for the occurrence of brackish water in wells. These are, briefly, the presence of salt in 
the strata when originally formed, salt springs, and infiltration from spots in which salt 
is being deposited at the surface of the ground. To these may 1x5 added percolation from the 
sea or from estuaries, which, however, is practically identical willi the third form. In the 
case of Surat, I believe that the salt was originally deposited in the alluvial strata. 

The plains of Guzerat have every appearance of being estuarine or marine deposits 
formed from the clay and sand brought down by the Tapti, Naibadda, and other rivers. 
The deposits forming in the salt marshes and flats submerged at high tides near the mouth 
of the Tapti, which I had an opportunity of examining during my recent visit, are covered by 
a deposit differing so little from one form of the black soil, that it is impossible to draw a line 
separating the two, the blackish argillaceous dried mud of the estuarine flats and marshes 
being similar, both in colour and texture, to the black soil of the fields a few inches above the 
level of the highest tides, and this soil again differs but slightly, either in colour or texture, 
from the ordinary * cotton soil* of Guzerat. Such differences as exist are, I think, duo to 
surface action; to the effect of rain and chemical changes, impregnation with organic 
matter,* and agricultural processes, .and I see no reason for doubting that the whole of the 
surface formations in Surat may have been deposited from salt tyid brackish water iu tidal 
estuaries and salt marshes, precisely similar to those which are now being reclaimed and 
converted into arable land in places on the sea-board of the district. The more sandy beds 
must have been deposited where some current, due either to tidal or stream action, existed ; 
the fine argillaceous black soil has probably been formed in back* waters and marshes .+ 

Evidence of recent rise in the land has been found in several places on the western coast 
of India s instances are known at Bombay, in Katthiawad, and in Sind. There is every reason 

* ft U that great part of QuzeraP has been covored by forest, and the soil thus impregnated with 

natter. In this manner the beet and richest cotton soil has very probably been formed. 

' % Bianford, several years ago pointed out a similar mode of origin of black cotton soil on 

m f fc similar deposit forming under the same circumstances iu Orissa. 
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for believing Jhat Surat htfs shared in this movement, and that the plains of south-eastern 
Guzerat have been raised above the sea- level at no very distant geological date, % 

* Such being the geological nature and origin of the alluvial formations which cover the 
country, it may \)o inferred that more or less salt must originally have been left in the 
soil, and that the occurrence of saline impurities at present will depend upon whether they 
have been removed by the percolation of rain water — whether, in short, they have been 
washed out — since the deposits were formed. If other conditions remain similar, it is 
reasonable to anticipate that the salt would be removed more completely from those strata 
which have been raised to a greater height above the sea and from the more permeable beds 
because the first, owing to their elevation, and the second, in consequence of their porosity, 
have been traversed to a greater extent by water seeking a lower level. It is also probable 
that elevation has been gradual, and, if this has been the case, it is evident that the surface 
deposfts at a greater height above the sea have been first raised, and have consequently been 
longer subjected to the action of sweet water. But these more elevated portions of the 
plains are farther from the sea, and consequently it appears probable that the amount of salt in 
the alluvial deposits diminishes gradually in passing from the lower ground on the sea board to 
the higher inland plains, the presence or absence of saline impurities also depending on *the 
more or less porous nature of the beds ; or, which is the same thing, the proportion of sand 
and gravel to clay in their composition. Moreover, as the beds thin out within short dis- 
tances, and the intercalation of sandy and gravelly layers with tho less pervious argillaceous 
strata is variable, much irregularity in the extent to which the water is impregnated with 
salt may be anticipated. If the brackishness of the water depended directly on the perme- 
ability of the beds, we should expect that the wells yielding the largest supply of water 
would be the least impregnated with salt, and although this does not appear to bo universally 
the case, some instances in its favor have come to my knowledge in tho town of Surat, but 
the amount of salt in each instance is much complicated by peculiarities in the course taken 
by the water in reaching the well from the surface, and the beds it passes through during 
the procesf of percolation. 

So far as I am aware, this theory of the mode in which the alluvial deposits of Guzerat 
have been formed, and of the distribution of beds containing brackish water, agrees with 
observed facts. With the important exception to which I shall presently refer, and which 
I can, I think, explain, of certain perfectly sweet wells close to the sea, the water found near 
the coast is more or less salt, whilst that obtained in the higher portions of the plains away 
from the sea is sweeter ; but there is much irregularity. I have dwelt at some length on the 
theory by which I account for tho brackishness of the well water, because it is upon tho 
correctness of this theory that the conclusions formed depend ; because, by explaining my 
views fully, I afford an opportunity to the civil officers and engineers of the district to 
test and confirm or refute them, and because, in one instance at least, I have found theories 
put forward which appear to me erroneous. 

There are two circumstances at least' which appear at first sight to be opposed to the 
views above expressed. One of these is the occurrence, already alluded to,, of sweet w^|er in 
wells close to the coast. I was only able to investigate one instance ; this is bunga- 

lows between the villages of Dumas and Bhimptir, just south of the monih ^ tshe Tapti 
river, and about ten miles from Surat. At and around Surat city, on tho road beWeen Surat 
and Dumas, and in the village of Dumas itself, every well which t as I could 

learn, every well existing, is more or less brackish, some being sufiSciorifly'^^l^ffor use, whilst 
others contain water much too salt for either drinking purpose* or irrigation. But ai 
the bungalows just mentioned, which are within, less the sea* this, 

water in the wells is perfectly sv^efc. Now, tho bungalows Ml* of blown sand ; 

the village, about a mile away is on black ooil. The welhs veiy shallow. 
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not more than 15 or 20 feet in depth ; those at the village, which is, I thjnk, on rather 
Iowqt ground, are double that depth. It appears evident that the water in the bun- 
galow wells is derived from the sa^id resting upon the comparatively impervious black soil, 
and that the water in the sand is sweet, because any salt originally contain^! in the porous 
sand has long since been washed out of it, as water can percolate it freely in descending to^a 
lower level. 

I am informed by Mr. Clarke, the Executive Engineer, that the case at Vaux's tomb, 
especially mentioned in Mr. Hope’s letter, is precisely similar to Dumas, whilst at Bliugwa 
Dandee, where no good water could be found, there are no sand hills. If my explanation be 
correot, the siuking of deeper wells at the Dumas bungalows or at Vaux's tomb will probably 
result in brackish watqr being found in the beds underlying those which now supply the wells. 

The other difficulty to which I have referred is the existence of numerous wells in vari- 
ous parts of the country, the water of which is said to have become gradually salter. rftiis is 
rather opposed to the view above expressed, because it is probable that percolation removes 
the salt in any given stratum, and consequently wells should become sweeter by use if they 
undergo auy change ; that is, provided that the water always finds its way from the surface 
intd the wells by the same route, and traverses the same hods in its course. But the removal 
of water from a well may occasionally produce an inliow from other strata than those from 
which the supply was originally derived, and thus salter water may be introduced. The 
question is a difficult one, and 1 think some further information on the subject of wells 
becoming salter is desirable. In the first place, I think the evidence of increasing saltness 
in wells should be rather carefully examined ; of course no analyses of the water have been 
made, and, so far as I can learn, complaints about water becoming salt have been frequently 
rna^e in order to obtain remissions of rent, as irrigated land is more highly taxed than land 
which is not irrigated. I should like to suggest the possibility that, in some cases at least, 
the change has not been in the water, but in the soil of the fields. As all the well water 
contains salts in solution, and as the water poured upon the land is evaporated, leavmg the 
salts behind, a gradual concentration of the salt must take place in irrigated lsnda until 
it may, unless remedial measures be taken, become so saturated as to be unfit for cultivation, 
as in the case of the *reh’ lands of Upper India. In this case the blame would infallibly 
and justly be laid on the water used for irrigation, although no increase has really taken 
place in the saline impurities contained in the water. 

I cannot say how far the wells in and around Surat represent those of the district 
generally, but if they do, I may add that tbe impurities of the water are not confined to 
common salt (sodium chloride). Some rough tests which 1 have applied with such means 
as were available # showed the presence of lime, alumina, and of an alkaline earth, which 1 
believe to be magnesia, in considerable quantities. 

If the views above expressed arb correct, it is evidently improbable that better water 
will be obtained by deep boring, unless the strata at a depth below the surface are much 
more permeable than the superficial deposits ; on the contrary, the deeper beds will have had 
less chance of being purified from salt by percolation than those near the surface. Where 
the bods at a greater depth are very porous, they may contain sweet water, but this is by 
no means certain, and I can see no reason for anticipating that the lower strata will prove 
Very different in character from those exposed at the surface of the ground. Should rock 
be mundf it is impossible to form an opinion without actual trial as to what the character of 
the MdtM water may be. The rock may very possibly belong to the lower tertiary 
ilar beds in Kachh and Bind often yield brackish water. 

I may briefly advert to ike watqr-supply of the town of Surat, to 
irMWb been* particularly drawn. I went over the town with Mr. Paudorang 
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Balkrisbna, the Secretary to the Municipality, to whom I am indebted ior most of tlie 
details mentionM. 

» • 

* Surat is a large town, with a population exceeding oue, s hundred thousand. As in most 
old cities, the surface has been greatly raised in places by the accumulation of ruins of build- 
ings and rubbish of all kiuds. Tho town stands on the bank of the Tupti, here a tidal 
river, tho water of which is sweet in the rainy season, but brackish at other times, and 
especially so in the hot weather. 

There are in Surat numerous wells, one to nearly every house. The water of only 
two or three of these is used for drinking purposes ; nearly the whole of the inhabitants 
obtain tbeir drinking water from the river, from cisterns in which rain water is collected, 
or from wells outside the town. The depth of the wells inside the town varies from* about 
30 to about 70 feet, and the height at which the water stands in tho wells above the datum 
to whieh all levels? within the municipal limits are referred (]()0 feet below a fixed marlj 
in the castle) varies in different wells from 60 to nearly 70 feet. As a general rule, 
the wells inside Surat city contain very brackish water ; those outside the city proper, but 
within the old walls, vary in quality, a few being just drinkable, whilst outsido tho walls 
there are some wells of so called sweet water. This last, however, though far purer thuA 
that obtained from the wells inside the city, is decidedly more brackish than good drinking 
water should be, and on testing it, it w.i^ found to contain lime, magnesia, and other im- 
purities in considerable quantity besides common salt. The same remark applies to those 
wells inside thg city which contain drinkable water. 

The latter are only two in number : one in the castle and close to the river bank, the other 
at the house of a Maharaj named Man dir. The former very probablv derives its supply 
from percolation from the river when in flood,* another well not 100 yards away, hut farther 
from the river, yielding brackish water. The well in Maharaj Mandir’s house is rather 
deeper than usual, the bottom of the well being 48 feet, aud the surface level of the water 
66 above datum, and the supply is so large that an attempt to pump the well dry by a 
6-horse povier steam-engine scarcely produced any sensible diminution of the water level. 
At the same time other wells nearly of the same depth contain brackish water. 

Two other incidents connected with the Surat wells may be here mentioned. The first 
is that there is a well in the public* park used for watering the gardens : it is 63 feet deep, 
and contains, when full, 36 feet of water, the surface of the water being about 66 feet above 
datum. The supply is considerable, but the water can be pumped dry by a 8-horse power 
engine in 3 hours, and requires 24 hours to refill. After pumping for a short time the water 
improves, but when the well is left to refill it becomes brackish again. Another well, not 
60 yards distant, contains very brackish water. The supply is, I believe, less than in tho 
other well, but I have no certain information. 

Another circumstance worthy of note is referred to by Mr. Hope in his letter Ho. 2280 
of 1871* A well was sunk at the Surat race-course about half a mile outside the city walls, 
at a spot in the middle of four existing wells, none of which are more than 160 yards apart. 
All those wells are comparatively sweet, certainly much better than any well inside the town 
of Surat, yet Mr. Hope's well proved brackish. In this case I think it is to he regretted 
that the well was not pumped for some time before being abandoned, since the salt may have 
been derived from the sides of the well and pumping might have caused an inflow from the 
stratum which supplies the other wells, but the saltness may have been due to the water 
finding its way into the well by a different channel to that pursued by the Hood supplying 
the others. ^ 

• The statement in a report by Mr Soworbygm the water-supply, Ac., of Surat, dtyfefcd 7th November lees, that* 
the level of the water in the Surat wells Is above that of high spring tides in the Tlf^ appears to be incorrect. 
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With reference to the impurity of the wells within the city walls, it is probable that 
water percolating through the accumulated debris of old mortar, ashes, burnt Clay, &c., which 
have raised the surface of the ground inside the city from 10 to 20 feet, may dissol^b a 
considerable quantity of various salts, and thus increase the saline ingredients of the well 
water. % v 


So far as I can judge, however, none of the wells in or around Surat furnish water so 
pure as ought to be obtained for drinking purposes. I am told that no complete aualyses of 
these waters have over been made, and I should recommend that such be obtained of different 
waters, including the best and the worst, since the kind of salt present and the relative 
quantities may afford some cine to their origin. * 

The details just given" concerning the Surat wells are certainly in favor of the conclusions 
already expressed as to the causes of irregular distribution of fresh water in the soils of 
£|pr&t. These conclusions 1 will briefly recapitulate, pointing out their practical application — 

1. There appears reason to believe that the greater portion, if not the whole, of the 
alluvial deposits near the coast of Guzerat were originally impregnated with salt in conse- 
quence of their having been forinod in salt-water. Where they are now free from saline 
impurities, this is due to the removal of such impurities by the percolation of fresh water. 

2. Such percolation of fresh water has been efficient in proportion to the elevation 
above the sea, and to the greater or less permeability of the beds ; consequently, as a rule, those 
wells which are at the greatest height above the sea and those which yield the rootft water 
are the sweetest. 

3. The distribution of permeable and impermeable beds is very irregular, most of the 
strata being lenticular in section and thinning out within short dibtauees. 

4. It ensues from the above, that there is no reasonable prospect of fresh water being 
obtained from deep borings, unless the strata boneath the bottoms of the existing wells are 
generally more pervious than those near the surface. This is possible, but there appears no 
sound reason for anticipating that it will prove to be the case, and it is probabl# that deep 
borings will give a& irregular results as surface wells. 

6. It is also improbable that fresh water will be found in wells sunk in the salt 
lands now being reclaimed. Should such be found, its occurrence will be, I think, accidental, 
and due to the existence Of unusually pervious strata, and I think that these may very 
possibly prove local. 

6. The presence of fresh water in some places on the coast, as near Dumas and at 
Vaux’s tomb, appears due to the existence of sand-hills resting on impervious clay. The 
quantity of water will probably bear some proportion to the extent of the sand-hills. 
Although a considerable supply may be derived from such places for local purposes, I do not 
think it probable that the quantity is sufficient to supply largo irrigation works, nor should 
I he surprised if in some similar localities the water proved more or less brackish, owing to 
the presence of salt in the sand, or contamination from the subsoil. Deep wells amongst 
the sand-hills would probably yield brackish water. 

7. None of the wells about Surat town supply really good water, nor is there at 
present sufficient prospect of improvement to justify the sinking of deep wells, and, as an 
ample source of excellent water exists in the river Tapti a few miles higher up, and I am 
informed that it is proposed to introduce the same into the city, it appears scarcely worth 
while to incur expense in experiments which are very likely to fail. 

I can only suggest that if farther information be required, and to test the 
tuNMJMOy Of the views here expressed, borings should* be made to a depth not exceeding 
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150 to 200 feej. To attempt to raise water from a greater depth would probably involve 
greater expense than the value of the water for irrigation would cover. It would be welj to 
make borings along lines, and at a fixed distance apart, in f uch parts of the district as it . s 
particularly desfred to explore. There appears no reason for selecting any locality in 
particular, for, as I have above shown, the probability appears to me that sweet water will 
not be found, at all events not as a general rule ; at the same time, the matter is of such 
importance that the trifling cost of a few borings would be fully justified in order to obtain 
certain information, for, after all, the opinion given above is based upon very imperfect 
information. 

When boring^ are made the water from every water-bearing stratum traversed should 
be separately tested, and, at all events, the quantity of saltern solution ascertained by 
evaporating to (Jryness, care being taken that some water is always pumpej. out befoie 
collecting specimens for analysis. 

I would further recommend that complete quantitative analyses be made of a few of the 
Surat waters, especially of those in and near the town of Surat,* and I would also suggest 
that the water of some of the wells which are said to be gradually becoming salter bo 
analysed, or, at all events, the quantity of salts in solution estimated (a very easy matter) 
from time to time. 

As already pointed out, common salt is by no means the only impurity present in con- 
siderable quantities in the well water of Surat, and other salts may be equally deleterious 
both to human health and to vegetation, although their presence is not so easily detected by 
the taste of the water. It is useless, without more exact information as to the nature and 
quantity of these salts, to attempt to trace their origin ; some have, in all probability, been 
derived, like the common salt, from the sea ; others from the decomposition of the materia s 
forming the alluvial strata. 

11th January 1875. 


Sketch of the Geology of Scindja’s Tebbitobies, by H. B. Medlicott, a. m.,f.g.s., 
Deputy Superintendent , Geological Survey of India . 

Scindia’s possessions are so scattered, that any connected physical description of them 
must include much adjoining ground. The extent and umfonnity 
configuration. the natural features further involve this comprehensiveness, 

so that the following notice of the geology of the region comprises mueh ot Hoi kar’s i territory, 
all of Bhopal and of tho British district of Sdgar, all of Kotah, a great part of Bundi, besides 
some other petty States of RdjputAna. All this ground belongs to the Vmdhyan plateau 
defined on the south, south-east by the Vmdhyan range overlooking the Narbada valley, on 
the north-east by a scarp overlooking Banddlkand «md on the north-west by ******* 
facing Bdjputana. Although its limits are so well defined, the character of this 
single plateau is not well marked. The entire drainage is from the southern edge, the ewet 
of the Vmdhyan range i and in their progress to the Jamn& the rivers have fortaeii deep and 
wide valleys, so that a very large area of the so-called plateau consisted pteips hut littk. 
raised above the level of the country to the east and west: still the , plateft^^cpus every- 
where maintaine d; the smallest elevations are little table-lands ■tqtra<je««y, , ; , 

« It should bo born* in mind that the greatest cure 1s necessary in oollectlngiss^^te ^wutmisr 
madti will be useJoss. ,A • 1 *" 
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2. These features are directly connected with the rock-structure. Tjj>e well known 

r structure. geographical name for the southern crest* of elevation has been 

adopted for the great sedimentary formation which forms the basis 
of the whole plateau. Except along the edges of their area, the Vindhyaif strata are hori- 
zontal ; and this arrangement, combined with alternations of hard and soft rocks, induces the v 
flat scarped form of elevation. In the south-west part of the plateau in Malwa, where the 
Vindhyans are so completely covered by eruptive rocks, the same form of elevation is 
constant, illustrating admirably the step-like arrangement for which the name of trap-rock 
was originally given to these ancient volcanic products. 

# 

3. To proceed in regular order from the youngest to the oldest formations, brief notico 

Superficial deposits. must be taken of the superficial deposits. There is little or no 

alluvium proper in this country,, actual land-fbrmation nSw in 
progress from river deposits ; unless we are to include under this head the almost ceaseless and 
everywhere present action of wind and rain in shifting and arranging the earth particles 
at the surface. The soil and subsoil covering is on the whole inseparable from the thick 
accumulations of clays, sands and gravels occurring over the plains and valleys ; although 
the great depth of these and their forming steep banks high over the extreme flood level of 
the great rivers, clearly point to conditions of formation separated from the present by 
marked physical changes, involving a lowering of the water-level in this region. In confirm- 
ation of this observation, we find these deposits continuous with those of the great Gangetic 
plains, in which tlie remains of extinct varieties of large mammals have been found. The 
best known locality for these fossils is near Etawa in tlie bed of the Jamuna, close to the 
north-east limit of Scindia’s territory. It is very likely that similar remains might be found 
within the boundary in the Chainbal and other large streams. 

4. The trap-rock of Malwa is the next in order of age to the valley-deposits, the break 

The Decean trap ^ me ^ e ^ ween them being enormous, embracing nearl^the whole 

of the geological period known as tebtiaby. The formation is 
known as the Deccan trap, this rock in Malwa being in unbroken connection across the 
valleys of the Narbada and the Tapti, with that forming*; the great plateau of the Deccan. 
The upper limit of age for the formation is given by the occurrence of nummulitic strata 
resting upon a denuded surface of the trap along the western base of the highlands near 
Broach. The lower limit of age is fixed by the occurrence of certaceous rocks, supposed 
to be middle cretaceous, beneath the trap at Bagh in one of Scindia’s outlying districts in 
the Narbada valley, and also on the plateau near Jabna. Within the formation itself there 
occur local intertrappean beds, patches of sedimentary rock, earthy and calcareous, frequently 
containing fresh water fossils. The independent evidence of these has been thought to connect 
the trap more with the tertiary than with the secondary epoch. The trap belongs to the 
basaltic family, but presenting many varieties from greenish blsfek, dense, columnar basalt, to 
porous amygdaloids with agates and zeolites, and to earthy ash-like beds. Within the district 
under notice no dykes have been observed, showing that it is beyond the immediate region of 
eruption. The present northern limit of the trap ib an irregular line between Nimaoh and 
|^Mw&s. It is purely a boundary of denudation, and it would be impossible to say how 
to the nortjb the eruptive rock may originally have extended. The iaterite 
\ is to generally t&obkted with the trap may give a clue to this question. There 
of Iaterite of different ages and modes of origin. The variety here spoken of 
thy ferruginpus robk fr$ from sandy detritus, its upper! part, to a depth of 
aw infen jtefy hardened by Jba segregation of the iron. It appears as 
plateau of the trap, thus havingfihe apparent relation of an original 
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top-rock to tl^ formation. If it could be legitimately taken as thus related to the trap, we 
could assert that this rock had never covered the whole surface in the neighbourhood of 
Gwalior, for laterite of this type caps the high hill eight mjles south-west of the city resting 
on the Morar tbcks, without any intervening trap. A full half of Scindia's territory is on 
the trap formation. The laterite is finely developed about Guna and Augav. 

5. Mention has already been made of the small patches of rocks of middle(P) cretaceous 
Cretaceous rooks age in the Narbada valley about Bagh and on the plateau near 

Jabna, both places in or near the Chujerra district. The most 
important rock o£ the group is a limestone holding marine fossils, and underlaid by sand- 
stone, or resting upon the basal crystalline rocks. The infratrappean or Lameta limestone 
and sandstone of the districts to the east (Sagar and J&balpdr) are thought to represent the 
Bfig^ beds ; batons yet only vertebrate remains, some of great size, but unidentified, have been 
found in them. This information is given because the ground under description has been 
only partially examined, so that representations of either group might be looked for 
anywhere at the base of the trap # . 


6. There is au immense geological gap between the cretaceous beds and the Yindhyans, 
The Vindhyan formation. which are the next oldest rocks in this region. In other parts 
of India this gap is partly filled up by the great rock series of 
which the Indian coal measures form a part. Geologically, the Vindhyan plateau is a 
basin. The 'lower si rata of the formation only appear along the boundary of the field, with a 
greater or less slope towards the centre in which direction younger beds succeed. The whole 
series has been divided into the following groups : — 


C Upper Bhanrer 

Bhanrdr ... < 

/ Lower Bhanrdr 

S Upper Riwa 
Lower Riwa 


! Upper Kaimur 
Lower Kaimur 


Upper Bhanrer sandstone. 

S Sirbu shales. 

Lower Bhanrer sandstone. 
Bhanrer limestone. 

_ Ganurgarh shales. 

Upper Riwa sandstone. 
f Jhiri shales. 

3 Lower Riwa sandstone. 

£ Panna shales. 

Upper Kaimtir sandstone. 
Kaimur conglomerate. 
Bijigarh shales. 

Lower Kaimur sandstone. 


7. Most of these groups are represented in Scindia’s territories north of Badrawiis. 
The Kaimur conglomerate and its overlying sandstone are admirably exposed about Gwalior. 
In the fort-hill and the adjoining scarp they rest upon one of the trappean bands of the 
Morar group. In the hills to the south they rest upon other beds of the same series* 
Passing north-westward the Panna shales are found in the low ground along the base of the 
next scarp, which is formed of the Lower Riwa sandstone. Beyond this again there is a 
third scarp formed of the Upper Riwa sandstone with the Jhiri shales at its base. Still 
further to the west we find the Ganurgarh shales and Bhanrdr limestone well exposed in 
the valley of the Chambul, the Lower Bbanrdr sandstone forming the Dholpur ridge on the 
left hank of the river. In the Nimach district the same series is well developed ascending 
from the west* The Bhanrer limestone is well exposed betw^n viad Ghittorgorh. 

The age of the Vindhyan series is still quite redetermined. $hat can be iaid is that it is 
greatly more ancient than the base of the coal measureseries. so undisturbed and 

unaltered, and apparently so adapted by their varied the conditions of 

deposition (as indicated by the variety and prevalence qf watermarking), for the existence 
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and preservation of oiganic forms, the Vindhyan strata have as yet yielded no fosiils. 
Fine building material is proourable from all the sandstones of this formation. Its most 
famous product is the diamond, t£e occurrence of which seems to bo limited to the shales 
near Panna. • 


8. The most varied and instructive geological sections in all Scindia’s territories are 


The Gwalior Series. 


in the immediate neighbourhood of Gwalior itself, where the Vin- 
dhyans are in contact with the rocks next to them in age occur- 


ring within our area. It would be impossible to find a better example of unconformity of 
strata. The lower rocks have not undergone any great disturbance, little more than the 


Yindhyans themselves, being still in approximate horizontality ; but scarped valleys of erosion 
are found in them filled with thick masses of (Kymore) Kaimur conglomerate and sandstone. 


the former *being principally made up of angular debris of the subjacent strata. These 
rocks have been called the Gwalior series. The boundary of the Yindhyans passes close to 


the west of Gwalior, with a general north-easterly direction ; and the Gwalior series occupies 


a comparatively small area between the Vindhyan scarp fvod the river Sind, forming low 
east and west ranges of hills. The southern range is fifty miles long, and unbroken, being 
formed of a strong quartzite-sandstone, the bottom rock of the series, and known as the Par 
sandstone. This group has the same relation to the gneissic area of Bandelkand as have the 
Kaimur strata. Both present scarps towards the low ground of crystalline rocks, out of 
which the under-cliff is formed ; the irregular surface of junction between the Par band- 
stone and the gneiss slopes northwards, disappearing up the gorges at a few score yards from 
the line of the scarp, and so vanishing altogether towards the end of the range, where the 
Sind forms small cataracts over the Par sandstone at Seourha. The same northerly slope 
prevails throughout the series, bringing in higher strata in that direction* The Par sand- 
stone is thus succeeded by a great thickness of very different strata, known as the Morar 
group. These have some decided characters common throughout — finely laminated shales 
and flags, often highly ferruginous and very commonly banded with layers and nodules of 
jasper and homstone. Two very marked breaks occur in the uniformity of this group, 
owing to the intercalation of great sheets of eruptive rock, apparently of contemporaneous 
origin ; and this has resulted in a corresponding break in the form of the ground. The 
lower part of the Morar group is found along the north side of the main range of hills. 
In the irregular valley between this and the broken middle range, the rocks are concealed by 
alluvium ; but at the head of the valley, near the villages of Chaora and Buda, two strong 
flows of trap are finely exposed. There is just enough evidence to show that the valley is 
excavated along the outcrop of this tTap, it is seen in the stream close to Barori village, and 
again at the east end two miles west of Behat, This is a very ancient valley ; for in the 
middle of it, near Bastori, there stands a small plateau of Vindhyan sandstone. The plain 


of Morar, separating the middle range from the very broken chain of flat hills to the 
north extending eastward from the old Residency, is undoubtedly# laid upon the denuded out- 
crop of thd great sheet of trap exposed continuously all round the base of the fort-hill and of 
the adjoining scarp where it is overlaid by Kaimur sandstone, and which is equally well seen 
: the south face of the northern hills to be overlaid by the jaspideous shales of the 

3^ora^ group. There are several scattered hillocks of this same trap over the plain to the 
Besides the trap, the Morar group contains local bands of cherty limestone. 
' \ occurs in about the old Residency ; another is traceable in many points 

' 1 of hii^^^;ye)r^,^rich e$rthy -iron ore has been extensively extracted 

<jf the Morar grouy to the southern hills. In the Sind, at the eastern end 
at a abew the vUtege of Naidha, there is a vein in 

*°' hfA ore (galena)? 1 . ♦ ^ 
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There is hut one other formation to be noticed. Seindiah's territories include a small 
Gneiss * portion of the crystalline rock area of Bandelkhand. The relation 
# * .of this rock to the Gwalior and the Vindhyan series has *been 

noticed. The gjheiss is often highly granitoid, but no intrusive granite has been detected. 
Bands of schists, sometimes horublendic, occur occasionally, having an east-west strike. 
The most remarkable feature of this area is the number of great reefs of vein-quartz, form* 
ing narrow regular precipitous ridges, with a prevailing north-easterly direction. No trace 
of gold has ever been noticed about them. The gneiss is also much traversed by trap-dykes ; 
in these a north-westerly direction prevails. They have been found in some cases to traverse 
the quartz-reefs, and are, therefore, younger than these. But both reefs and dykes are older 
than any of the sedimentary formations in contact with this gneiss. At the western edge of 
the trap and Vindhyan plateau, there may be patches of crystalline rocks within the 
Amjjiera and Jcvwad Nimuch districts of Scindias territories. , 

April 1873. 


LIST OF DONATIONS TO THE MUSEUM. 

1st Quarter of 1875. 

Specimen (cast) of JEophrynus Prestvwii, H. Woodward, Curculioides id. Buckland, from 
'the coal measures, Dudley, England. Presented by H. Woodward, Esq. 

Series of Brachiopoda from the Jurassic of Germany. Presented by Prof. Zittel, Munich. 
Six specimens of minerals and a sample of iron casting from the Ural. Presented by 
W T. Blanford, Esq. 

Casts of Gastropod from nummulitic limestone near Cherra Punji. Presented by C. K. 
Hudson, Esq. 

14 tl April , 1875. 


ACCESSIONS TO LIBRARY. 

From 1st January to 31st March 1875. 

Titles of Books. Donors . 

Balfour, J. H.— Introduction to the study of Palaeontological Botany (1872), 8vo. f 
Edinburgh. 

Beneckb, E. W., <fc Cohen, E. C.— Geognostische Karte der Umgegend von Heidelberg, 
Blatt. II, Sinsheim (1874), 8vo., Strasbourg. 

Beneden, Van, & Gebvais Paul. — Ostdographie des C6tac5s vivants et fossiles. Livr. 12, 

• with plates (1874), 4to., Paris. 

Blum, Dr. J. R.— Lebtbuch der Mineralogie, Abth. I to II (1873-74), 8vo., StuttgAri 
Buhat, A.— Gdologie de la France, (1874), 8vo., Paris. 

Bubat, A.— Supplement au cours d’ Exploitation des Mines, with 20 plates (1874), 8vo., 
Paris. 

Correspondence regarding gold mines in Wynaad, Malabar District, (187%4^!llEdras. 

I v - v ' & COMH. - 

Damon, Bobebt.— Geology of Weymouth and the Island of Portland (1800), 8to., London. 
Damns, C.— The expression of the emotions in ft8m8*b., London. , 

. ’ ■ -- B. Ltobkkbb. 
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Dobb, Db. Robkbt.— Ueber das Gestaltungsgesetz der Festlandsumrisse utfti die symme- 
• ' trische Lage der grossen Landmassen. .Part 2 (1874), 8v<^, 

Liegnftz. • 

Emmbich, Db. H. — Geologische Geschiohte der Alpen (1873), 8vo., Jena. 

Ebdmann,* E. — Iakttagelser ofver Moran bildningar i Skane (1872), 8vo., Stockholm. 

The Authob. 


Eybe, E. J. — Journals of expeditions of discovery into Central Australia, Yols. I and II, 
(1845), 8vo., London. 

Hall, James. — Natural History of New York, Part YI, Palaeontology, Yol. IV (1867), 4to., 
Albany, New York. 

Haueb, F. R. von. — Die Geologie und ihre anwendung auf die kenntniss der Bodenbes- 
chaffenheit, Lief I — II (1874), 8vo., Wien. * • 

Heathebington, A. — The Mining Industries of Nova Scotia (1874), 8vo., London. 

The Authob. 

Hunt, T. Stebbt. — Chemical and Geological Essays, (1871?), 8vo., Boston. 

Koninck, L. G. he. — Nouvelles Recherches sur les Animaux Fossiles du tciTain carbonifere 
de la Belgique, Part I (1872), 4to., Bruxelles. 

Kbefft, G. K. — Catalogue of the minerals in the collection of the Australian Museum, 
(1873), 8vo., Sydney, • 

TrfE Authob. 

Mastbiani, F.-rL’Eruzione Vesuviana del 26th Aprile (1872), 12mo.,' Napoli. 

Page, David.— Economic Geology (1874), 8vo., London. 

Pfaff, Db. F. — Allgemeine Geologie als exacte Wissenschaft (1873), 8vo., Leipzig. 

Report of the Geological Survey of Ohio, Vol. I. Geology and Palaeontology, Part I, Geology 

(1873), 8vo., Columbus. 

Rosenbusch, H, — Mikroskopisch! Physiographie der petrographisch wichtigen Mineralien 

(1873), 8vo., Stuttgart. 

Sadebeck, Db. A. — Ueber die Krystallisation des Bleiglanzes (1874), 8vo., Berlin. 

Thobfe, T. E. — Quantitative Chemical Analysis (1873), 8vo., London. 

Zibkel, F. — Die Krystalliten von Hermann Vogelsang (1875), 8vo., Bonn. 


PERIODICALS. 

American Journal of Science and Arts, 3rd Series, Vol. VIII, Nos. 47 — 48 (1874-75), 8vo., 
New Haven. 

Annales des Mines, 7th Series, Vol. VI, livr. 4 (1874), 8vo., Paris. 

L'Adminis. des Mines. 

Annals and Magazine of Natural History, 4th Series, Vol. XIV, Nos. 84—86, (1874-75), 
8vo., London. 

Archiv fur Naturgeschichte, Bd. XL, heft 2—3, (1874), 8vo., Berlin. 

WWSoth5que Universelle et Revue Suisse. Archives des Sciences Physiques et Naturelles, 
Vpl LI, Nos. 201-203 (1874), 8vo. f Geneva. 

| Suisse, Vol Jiil,, Nos. 203 & 204 (1874), 8vo. f Lausanne, 

.), 8m, Torino, 

CWfiKfa • GotdoCosa. 

% 1876 (187475), 4ta, 
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Titles of ^ Books. Donors . 

Geological Magazine? New Series, Decade II, Vol. I, No. 12. and Vol. II, Nos. 1 Si 2 
* ^ (1874-75), 8 vo., London. 1 

Indian Economist, with Agricultural Gazette and Statistical Reporter, Vol. VI, Nos. 5 — 7 
(1874-75), 4to., Calcutta. 

Government of India. 


Journal de Conchyliologie, 3rd Series, Vol. XIV, No. 4 (1874), 8vo., Paris. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 4th Scries, 
Vol. XLVIII, Nos. 320 — 323 (1874-75), 8vo., London. 

Martini und Chemnitz. — Systemalisches Conchylicn-Cabinct, Lief, 232 (1874), 4to. s 
Nurnburg. 

Nature, Vol. XR Nos. 267 — 277 (1874-75), 4to., London. 

Neues Jahrbuch fiir Mineralogie, Geologie, und Falaxmtologie, 1874. heft 8 & 9, & 1875. 
heft 1 (1874-75), 8vo., Stuttgart. 

Novitates Conchologicm, V ordcrasiatische Conchylien, (1874), 4to., Casscl. 

Palfeontographica, Band XXIII, lief 3 (1874), 4to., Cassel. 

Petermann, Dr. A. — Geographische Mittheilungen, Band XX, Nos. 11 Si 12, & XXI, 
No. 1 (1874-75), 4to., Gotha. 

Poggendorff, *J. C. — Annalen dcr Pliysik und Cliemic, Vol. 153, Nos. 10—12 (1874), 
8vo., Leipzig. 

Professional Papers on Indian Engineering, 2nd Ser., Vol. IV, No. 15 (1875), 8vo., Roorlcce. 

Civil Engineering College, 


Quarterly Journal of Microscopical Science, New Scries, No. 57 (1875), 8vo., London. 
Quarterly Journal of Science, No. 45 (1875), 8vo., London. 

Reports of the Mining Surve 3 *ors and Registrars for quarter ending 30th June 1874, 
ilsc., Melbourne. 


Govt. Mining Dept., Victoria. 


GOVERNMENT SELECTIONS. 


Bombay. — Selections from the Records of the Bombay Government, No. 140, New Series. 

Papers relative to the Revenue Survey and Assessment of the 
Wagra Talooka of the Broach Collectoratc (1874), 8vo., Bombay. 


Selections from the Records of the Bombay Government, New Series, No. 146. 

Papers relative to the introduction of the Survey Settlement 
into the Broach and Ankleshwar Talukas of the Broach Collec* 
^torate, Guzerat (1874), 8vo., Bombay. 

Selections from the Rocords of the Bombay Government, New Series, No. 154. 

Papers relative to revision of the rates of assessment of the 
Kharapat Lands of the Alibagh Taluka (1874), 8vq„ Bombay. 

Bombay Government. 


British Burma. — Report on the Administration of British Bursaa daring 1873*74 (1874); 
8vo., Rangoon. 

Chief Bkitish Buema. 

H A1DEBABAD.— Administration Report of the Resident' it' JifcMarah&do'fbr 1873-74 (1874), 


8vo., Raiderabad. 


BSSICEKT, IIaIDEBABAD. 
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T NDii . — General Report on the Revenue Survey operations of the Upper and Lower Circles 
for season 1873-74, (1875), fisc., Calcutta. 1 * 

The Revenue Survey. 

„ Selections from the Records of the Government of India, Foreign Department, 
No. 117. Report on the political administration of the Rajputana 
states, 1873-74 (1875), 8vo., Calcutta. 

„ Selections from the Records of the Government of India, Foreign Department, 
No. 118, Annual Administration Report of the Muni poor Agency 
for the year ending 30th Juno 1873-74 (1875), 8vo., Calcutta. 

Govt, of India. 

„ Synopsis of tlic results of the operations of the Great Trigonometrical Survey ol 
India, Yols. II & IJI (1874), 4to., Dehra Dun. 

The Great Tbigonom ethical Survey. 

„ Walker, Colonel, J. T. — General Report of the operations of the Great Tiigono- 
mctrical Survey of India duiing 1873-74 (1874), fisc., Dehra 
Dun. 

Tfte Great Trigonometrical Survey. 

N W. Provinces. Atkinson, E. T. — Statistical, descriptive, and historical account of. the 
North-Western Provinces of India, Vol. I, Daiidelkhand, 
(1874), 8 vo., Allahabad. 

* Govt., N. W. Provinces. 


Punjab.— Report on the administration of the Punjab and its dependencies for 1873-74. 
(1874), 8vo., Lahore. 


Pun j ab Governmen t. 


TRANSACTIONS OF SOCIETIES, Ac. • 


I>erl in. — Mouatsbericlit der konig. Preuss. Akad. dev Wissenschaften zu Borlin, Septem-" 
her and October (1874), 8vo., Berlin. 


The Academy. 


»» 


Zcistsclirift der Deutschon Geologisclien Gesellscliaft, Band XXVI, heft 3 (1874), 
8vo., Berlin. 


The Society. 


Bombay.— Journal of the Bombay Branch of the Rojal Asiatic Society, Vol. X, No. 29, 
(1874), 8vo., Bombay. 


The Society. 


Calcutta.— Journal of the Asiatic Society of Bengal, New Series, Vol. XLIII, pt. I, 
No. 4 (1874), 8vo„ Calcutta. 

„ Proceedings of the Asiatic Society of Bengal, No. X, December, and No. I, 
January (1874-75), 8vo., Calcutta. 


The Society. 
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VIII, pt. 1 (1875), 8 to. 

TUB StTEVKY. 


Duo*.— M&aaoires dfe l'Aoadeniie de Dijon* 3rd Series, Vol. I (1873), 8vo., Dijon. 

Tub Academy. 
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Titles of ^Boolcs. Donors. 

Dublin. — Transactions of the Royal Irish Academy, Vol. XXIV, pts. 9, 16, and VI $md 
* * XXV, pts. 1—9 (1870-74), 4tr, Dublin. 

>» Proceedings of the Royal Irish Academy, Vol. X, pts. 1 — 4, and 2nd series, Vol! I, 
pts. 2—9 (1867-74), 8vo., Dublin. . 

Tiie Academy. 

Geneva. — Mdmoires do la Socidtd do Physique et d’Histoiro Naturelle de Geneve 
Vol. XXIII, pts. 1 <fc 2 (1873-74), 4to., Geneva. 

The Society. 

London.— Journal of the Anthropological Institute of Great Britain and Ireland, Vols. I — 
III, pts. 1 — 3 (1871-74), 8vo., London. 

A Proceedings of the Royal Institution of Great Britain, Vol. VII, ijos. (50 & 61, 
and List of Members for 1874 (1874), 8vo., London. 

The Institute*. 

„ Proceedings of the Royal Society of London, Vol. XXII, Nos. 155 & 156, (1874) 
8 vo., London. 

The Society. 

„ Quarterly Journal of the Geological Society of London, Vol. XXX, pt. 4, No. 120. 

- With List of Fellows for 1874 (1874) 8vo., London. 

3 * The Society. 

Manchester. — Transactions of the Manchester Geological Society, Vol. XIII, pts. 6 & 7 
(1874), 8vo., Manchester. 

The Society. 

Melbourne. — McCoy, F. — Geological Survey of Victoria : Prodromus of the Palaeontology 
of Victoria, Decade I (1874), 8vo., Melbourne. 

• Mining Dept., Victoria. 

Moscou. — Bulletin de la Societe Imperiale des Naturalistes de Moscou, Vol. XLVIII, No. 1, 
(1874), 8vo., Moscou. 

The Society. 

Neuchatel. — Bulletin de la Societe des Sciences Naturelles de Neuchatel, VoL X, pt. 1, 
(1874), 8vo., Neuchatel. , 

„ Memoires de la Socidtd des Sciences Naturelles de Neuchatel, Vol. IV, pt. 2, 

(1874), 4to., Neuchatel. 

The Society. 

Paris. — Bulletin de la Socidtd Geologique de France, 3rd Series, Vol. II, Nos. 3 — 5 (1874), 
8vo., Paris. 

The Society, 

Philadelphia.— Journal of the Franklin Institute, 3rd Series, Vol. LXVIII, Nos. 8—5 
(1874), 8vo., PhiMelphia. 

. Tap* INSTITUTE. 

Plymouth.— Report and Transactions of the Devonshire Association, 2 (1874), 

8vo., Plymouth. 

Rome.— Bollettino R. Comitato Geologico d 1 Italia, Nos. 11 & 12(1874»)>8vo,, Borne. 

* Co|t|iissioH of Italy. 

Salem.— Proceedings of the American Association for the Advancement of Science, 
Vol. XXII* (1874), 8vo. Salem. 
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Stockholm. — Beskrifiiing till Kartbladet “ Riddarhyttan ” No. 46. 

* „• * u Linde ” No. 47. 

• „ „ " Orebro” No. 48. 

„ # „ M Segersjo” No. 49, (1873), 8vo., Stockholm. 

„ Bohtzell, A. — Beskrifning ofver Besier. — Ecksteins Kromolitografi och, 

litotypograpi, (1872), 4to., Stockholm. 

.. Die Ausstellung der Geologischen Landes. — Untersucliung Schwedens, (1873), 

8vo., Stockholm. 

Erdmann, E. — Description de la Formation Carbonifere de la Scanie, (1873), 
8vo., Stockholm. 

Gumjelins, O.— Bidrag till k, om Sveriges erratiska Bildniugar, (1872), 
* 8 vo., Stockholm. * • • 

Hummel, D. — Ofversigt af do Geologiska Forhallandena, (1872,) 8vo., Stock- 

* holm. 

Linnabsson, J. G. O.—Om Nagra Forsteningar fran Sveriges och norges 
“ primordialzon,” (1873), 8vo., Stockholm. 

„ Toenebohm, A. E. — Ueber die Geognosie der Schwedischen lloehgcbirge, 

(1873), 8vo., Stockholm. 

Bureau Recher.,* Geol. Suede. 

• 

Vienna. — Jahrbnch der k. k. Geologischen Reichsanstalt, Band XXIV, No. 3, ^1874), 8vo. } 
Vienna. 

„ Verhandlungen der k. k. Geologischen Reichsanstalt, Nos. 12 & 13, (1874), 8vo., 
Vienna. 

The Institute. 

Yokohama. — Mittheilungen der Deutschen Gesellschaft fur Natur und Vdlkerkunde Osta- 
siens, heft VI, (1874), fisc., Yokohama. 

The Society. 


April im, 1876. 
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OF THE 

GEOLOGICAL SURVEY 

Tan 1.] 1875. 

Annual Report of the Geological Survey of India, and of the Geological 
Museum, Calcutta, for the year 1874. 

The labours of the Geological Survey of India have been, during the past season, almost 
entirely under the control and direction of Mr. H. B. Medlicott, who was officiating as Super- 
intendent during my absence on leavo. As stated in the report for last year, I remained for 
somo time at Vienna arranging for the proper exhibition of the collections forwarded by the 
Geological Survey of India ; this delay, however, did not tend to the improvement of my 
health, and I was in consequence not able to return, to duty in India at as early a date as 
I had hoped. My first duty, on resuming charge of the survey, is now to express my high 
sense of the great zeal and energy with which Mr. Medlicott devoted himself to the duties 
imposed on him, and the wide knowledge of Indian Geological work and the high intelli- 
gence which lie brought to bear on the researches of the survey, for which I am greatly 
indebted to him. 

During almost the entire year, in addition to my own absence, the Geological Suryey 
was also deprived of the aid of Mr. W. T. Blanf ord. He was, during this period, busily en- 
gaged in working out and passing to press the results of his examination of parts of Persia, 
while accompanying the Seistan Boundary Commission as Naturalist and Geologist. These 
researches, regarding a country hut little known, and at the same time so intimately con- 
nected with Western India and Sind, will, I have no doubt, prove of very high value and 
* interest to Indian Geologists. Their publication may now be looked for soon. Mr. Blanford 
resumed his duties on the Geological Survey about the middle of December, and then visited 
Surat district with a view to advise the authorities on the probabilities of obtaining fresh and 
good wate in many places whero now the supply is bad, salt, and brackish. Mr. Blanford 
has since then proceeded to take up the general examination of the Province of Sind, 

Another of our staff who was absent at the commencement of last year, and whose 
return we looked for with great interest, has fallen a sacrifice to his over-exertion in the 
cause of science. Dr. F. Stoliczka, who had been, as reported last year, attached to the 
Yarkand mission under Sir T. Douglas Forsyth, had, though with much sneering, safely 
accomplished the journey to Kashgar, and had also on his return had $ rapfd afcd hurried 
ride across the Pamir Steppe, which he had often longed tib see,; 'and\^^|||Surnmg to his 
work in India Men with rich and valuable zoological ooUeojti^ notes 

to work out his results, when he again felt the extreme paw* , 

For a couple of days ftom 16th June he worked' on ^uietly^^A'^pt^i!^ suffering# cOn* ( 
tinned the usual marches of the party with whomhe On the afternoon of 

the ISthi when more than half t£e day’s march had been safely, he noticed so me- 
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thing high up on the hill side, which arrested his attention, and dismounting from his horse, 
which, of conrse, could not climb up the rugged cliffs of these hare and # snow-dad Hill sides, 
he himself with great exertion struggled up, examined what he wished to see, and made his 
notes, and struggled down again to his companions. They noticed tke gr^af difficulty lie 
foilnd in again mounting, and came on to the camp slowly and carefully ; the march next day 
was countermanded, in the hope that a little rest might enable our friend to recover himself, 
but falling into a semi-unconscious state, he only lingered on until the noon of the follow- 
ing day (19th June). His* body was conveyed to Leh, where, with all possible honours, his 
remains were interred in the presence of his fellow travellers, the officers of the mission. 

Thus passed away at the early ago of 36 one of the most devoted and able votaries of 
Natural Science whom India has ever seen. 


Gifted by nature with peculiar powers of observation and comparison,' trained in an accu- 
rate and careful school of Geology and Palaeontology, he brought to his labours unbounded 
zeal, acute intelligence, and large and carefully acquired knowledge, all of which tended to 
render him one of the most useful and most trusted of our coljeagues. But in addition to this, 
his genial temperament, his sound judgment, and his hearty appreciation of work of any 
kind in others, together with his clear views of justice, and the unflinching expression of 
those views, made him also one of our most esteemed and beloved friends and advisers. His 
loss to the Geological Survey will be long and keenly felt. He has left behind him a 
noble monument of his research and powers in the Palaeontologia Indica, published by the 
Geological Survey of India, in which, just before his departure for Yarkand, he had com- 
pleted the description of the Cretaceous Eauna of Southern India in four large volumes 4to., 
with 203 plates. And fortunately for the Survey, he has also left behind him a very fitting 
and competent successor in Dr. Waagen, long his trusted fellow labourer and assistant. 
Dr. Waagen’s publications have already secured for him the high approval of all competent 
to judge of such careful and accurate research. 


Dr. Waagen himself was also absent on medical certificate during the yeai? and has 
only recently returned to take up the Paleontological labours on which he was so actively 
and earnestly engaged, when his health gave way. He has, I am happy to say, returned in 
good health. 


Mr. Medlicott’s time was so fully occupied by the current work of the survey, and by 
the pressing necessity for constant revision of the reports and researches of others, and un-^ 
ceasing communication and advice on all points referred to this office, that he found time for 
only two brief visits to the field. At the urgent request of the Government of Bengal, he 
undertook to visit the localities where coal was reported to occur within the Garo Hills. 
Until very recently, it was not possible to proceed into these hills with safety. And when 
formerly Mr. Medlicott visited the southern fringe of the hills (Memoirs, Geological Survey, , 
India, VII, 151), and described the local exhibition of some pbor coal-seams along their 
outskirts, no repetition of these rocks was known to occur within the range. But on now 
getting access to them, several detached basins of newer secondary rooks have been found in 
the heart of the hills, north of the main ridge. In one of these a strong seam of fair coal 
***i** Uxr generally, distributed. An account of this discovery was given in the May part of 
of theSnrvey! andit is imh^ ce ® sar y to ref er to it more 

A short ran Into the northern nortion of the Bajmehal Hills resulted chiefly 

of Puttnrghfttta Hill north of 
► at a ley|| which made it difficult to account 
i bn the enpfositioa;tha|t the ' old ^nvimn’ of Bengal had a 

it., “ ^ . . . 
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pa At 1.] » Annual Report for 1874, 

• * 

Mr. Theobald continuing his researches in the upper tertiaries, flanking the north* 
western Him alky a, has* made a rapid examination of the area lying between the Ganges and 
tli<i Ravi. Some of hjs results, if confirmed by more careful investigation, are of high 
interest. He oevsiders, apparently on good grounds, th&t the great mass of the Sivalik 
range on this side (east) of the Jumna river is really composed of rocks belonging not to the 
Sivalik group, but to the older and distinct Nahan group, a view in which Mr. Medlicott, who 
formerly examined this area, is disposed to concur. Trans -Sutlej, Mr. Theobald thinks he 
has established a northern limit for the Sivalik rocks along the Una dun. These are most 
interesting results, but as some of the most important palaeontological deductions depend on 
these separations of the rocks in which the fossils occur, they must only he taken for the 
present as provisional. 

Further research has led him to modify the conclusions arrived at in the previous 
season regarding Hill'S pre-Si valik age of glacial deposits, for he finds typical glacial ddhris 
scattered irregularly over the rocks in the typical Sivalik area. J 

The collection of the very valuable fossils of these areas increases rapidly under 
Mr. Theobald’s hands, and a large number have been received, the majority of which cannot 
be opened out for want of space in the Museum here. 

Mr. A. B. Wynne commenced the examination of the Trans-Indus salt region early in 
the season. At .the special request of Mr. Wynne, Dr. Warth, in charge of the Pind Dadun 
Khan Salt Mines, was deputed to accompany him, so as to form a sound practical estimate of 
the’* commercial value of these extensive salt deposits. Dr. Warth was unable to proceed 
with Mr. Wynne in the early part of the season, but subsequently joined him on the ground. 
This work was very well accomplished, and a brief summary of the geological results was 
at once submitted with the practical report of Dr. Warth. And this was published under 
the Revenue Department. Before the close of the year Mr. Wynne had completed a* 
detailed descriptive report with full illustrations. And this is now in the press, and I trust 
will be ready for publication without any serious delay. Besides determining the enormous 
extent of the rock-salt, the most interesting result is the confirmation, in all probability 
conclusively, of the supposed old tertiary age of the rock-salt. This idea which had been 
arrived at during a cursory and preliminary examination in previous years was borne out 
by the careful and detailed investigation of the past season. No rock older than the salt 
has yet been noticed, and this salt seems to be intercalated with the lower beds or almost 
the base of the nummulitic rocks. 

t 

During the recess Mr. Wynne was also engaged in revising, and to a considerable extent 
rewriting, the report on the Sal t -ran ^e. At the opening of the present season he took the 
field with the object of working up the country lying between the Bait-range and the 
Kashmir boundary to the north, and is now engaged in this area. He has sent in a good 
collection of fossils from tb$ newer tertiary beds of that region, and also some from the small 
ridge of the Kh&rian or Pahhi hills on the east of the Jhelum river. 

* Mr. King, though unavoidably late in taking the field, in consequence of being detained 
at Vienna, has made, during the season, good progress in following up the feteresting ques- 
tions to which reference was made in the report of last year. He ^stahflrt^e' three zones in 
the Rajmehal series: the uppermost characterized by a marine >' fimfi^^!:*^cognized by 
Dr, F. Stoliczka as corresponding to his * Omnia* beds in Ka-chh ; a middle zone also con* 
taining marine fossils of somewhat different form from the fewer zone with 

well marked Rajmehal plants* This last is found to he ifcsely superimposed, but with 
general unconformity, upon beds containing plant remains befongfe# to the Kampti-Damu<fe 
flora, thus leaving little or no room for the zones which eU|who^iire thought to intervene 
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♦ « 
between these two formations, Mr. King’s work includes a large portion of sheet 94 of the 
Indian Atlas, but unfortunately the northern portion of this sheet is still unsuryeyed 
topographically, or rather the topography is not yet published. t f 

‘ The exploration of the Beddadanole coal-field was continued under Mr* feng’s direction 
with the assistance of Mr. Yanstavern. Some bands of poor coal and coaly shale were 
proved in the lower parts of the measures. The upper portion has not yet been proved ; yet 
it is there, according to the analogy of the Wardha fields, that the main coal is likely to 
occur, if at all. This portion will be tested on Mr. King’s return from his present duty, and 
on Mr. Yanstavern returning from the Juggiapettah borings. These have been put down 
alongside those formerly made by Colonel Applegath, and where he believed he had found 
coal, but Mr. Yanstavern has not been able to trace any proof whatever of the existence of 
coal or of any similar substance, although his borings have been carried below the depth to 
which the previous one had proceeded. All these borings have since been* carried dirtVn to 
the metamorphic or sub-crystalline rocks without a trace of coal . 


Mr. King has been diverted from the systematic continuation of his work for the 
present season to examine the gold-bearing reefs of the Wynad, and is at present actively 
engaged on this work. 

Mr. Foote accomplished a heavy season’s work in the Southern Mahratta country, com- 
pleting the examination of the quartzite series of that region. Considerable progress has 
been made in preparing for publication a detailed description of this area* Mr. Foote 
also examined so much of the adjoining country as enabled him to complete the nortfiern 
half of sheet 41 of the Indian Atlas, and the north-west quarter of sheet 58. In the 
preparation of these maps also considerable progress has been made. 

At the close of the season, Mr. Foote made an examination of the small gold-bearing 
tract in the Dambal hills of Dharwar. Of this a report with small map has already appeared. 
(Records, Geological Survey, November 1874). The smallness of the area and the sparing 
distribution of the metal seem to offer but little inducement for any largo outlay *of capital 
in gold mining or washing. 

At the close of the recess Mr. Foote took up the country north of Madras town in order 
to complete the area lying between the hill ranges and the sea (in sheets 76, ,77, and 95), 
also to close in a large portion of that country. This had been left while urging on the 
examination of the Kadapah and Kamul districts, as being of less pressing importance 
at this moment. 


Mr. Hughes has again been largely called upon ‘for investigations which are not purely 
geological, and which very seriously interfered with the systematic progress of the survey. 
These have been chiefly in connection with the prospects of establishing the manufacture of 
iron in various places. At the close of last year he bad just competed a re-examination of the 
available ores and associated rocks of Kumaon ; this examination only confirmed the views 


expressed years since by the Geological Survey as to the abundance of ore and flux, and as 
to the probability of their being also a good supply of fuel for operations uppn a limited 
is disposed to take a rather less favourable view of the richness of the ores, but 

Survey* the great tractability of the ores to a 
for a certain poorness 



was 


, ,, u . , J ..... of parts of Jtanjgaqj jBeld, 

^ to the advantages offered by it as a locality for the welti^ of iron, 
^ iron works on a large scale.* On these points full reports, have been 

. the Survey. , S 
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These investigations detained Mr. Hughes* so that he did not get to his regular work 
until late in January. # With Mr. Fedden’a aid lie then remapped the northern portion of 
the Wurrora coal-field! taking advantage of any recent exposure of the rooks in or&euto 
revise his geological lines. In a country so largely itnd thickly covered with alluvial 
deposits, it becomes necessary to pick out every single point so as ‘to obtain any clue even 
of a trivial kind which may lead to the identification of the various rocks so badly seen. 
And this Mr. Hughes appears to have done with much care. It is gratifying to find that 
the practical conclusion based solely on such geological investigations, as to the existence 
of coal in the neigh bourhood of Bander, has been fully confirmed by actual borings com- 
menced entirely on Mr. Hughes* recommendation. Those borings have proved the existence 
of coal many feet in thickness, the occurrence of which would never have been suspected 
from any surface exposure of the beds. This fact becomes of higher importance, because 
the locality of t^is#coal is greatly nearer the very valuable iron ores of the ^country than 
any previously known beds of coal in the Wardha valley fields. 

Passing into the Berars and the Nizam’s territories, Mr. Hughes continued these 
investigations, and was able to give important advice and aid to the Nizam's officers. 

It is a source of much regret that in consequence of the frequently recurring and con- 
tinued interruptions to Mr, Hughes* progress in that district, the mapping of this Wardha 
Opal-field is not yet completed. There is still a considerable area calling for careful examina- 
tion, ‘and in which it is not improbable that valuable results may yet reward our search. 
It would only cause greater delay to put any one else to complete this work now. And we 
can therefore only hope that it may yet be practicable without any much prolonged delay to ■ 
complete the examination. The very existence of true coal in these districts and the sound 
knowledge already obtained of its extent and amount is altogether the result of the labours 
of the survey, and we should be glad to complete the investigation of the rocks as soon 
as practicable. 

Towards the end of the year Mr. Hughes* aid was again sought for by two separate 
companies, who have undertaken t,o remove the all-important trial of actually smelting 
iron in this country from the field of speculation and writing to that of actual experiment 
on a commercial scale, in order to point out to them the most favourable localities for the 
procuring o.f ores, coal, &c., <&c. He had scarcely concluded this work when the year closed. 
He will thus again have only a brief season to devote to his systematic work. He will, I am 
sure, do all that can be done in the time, but it will be entirely impracticable to complete the 
field in one short season. 

Mr. Fed den, who, as stated in last year’s report, had been absent on sick leave, did not 
return to work until late in January, 1874. He then joined Mr. Hughes in the Wardha 
valley field, and worked with him for the remainder of the season, putting in the detailed 
geological lines in parts qf the Chanda district and in the adjoining territories of the 
Nizam, At one place north of Wurrora, Mr. Fedden was fortunate enough to disco ver&fqw 
specimens of fossil fishes in the uppermost beds of the sedimentary rocks, at about tile same 
horizon as that on which the Reverend Mr. Hislop years since found similar remains. These 
will doubtless prove a valuable addition to the limited evidence we ak^qdypossessed on 
which to base a conclusion as to the age of these beds. Mr. Hislop cl^Md these rocks as 
belonging to the infratrappean beds of ‘that neighbourhood in. which; ; bn .settee that he 
found shells of the same kind as from the intertrappean layers, mixed! with; bones of large 
animals. On this evidence he referred therocksto the samehijgo 'as the Lameta 

beds of the Nalbada valley. • ’ $ K 

During the current season Mf. Fedden is attached if> Mr. ^ ^ ; !8tofbrd in Sind... \ . 
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•Mr. V. Ball only returned from the great exhibition at Vienna, where he had boon, 
jointly witjjPMr. W. King, in charge of the valuable collections of the Geological Survey, 
]&$ ill tiflnar. After some few unavoidable delays which prevented his getting to the 
field tiifl|KM^s the end of December, he was again frequently interrupted in his work in 
connection with the borings in the Dudhi valley* His survey labours were confined to the 
country included in sheets 17 and 18 of the Satpura Survey. He had made some progress 
in this area, when at the beginning of March, he was suddenly summoned to Calcutta, with 
a view to his accompanying some others gu a visit to the Mergui Archipelago. This trip 
was subsequently abandoned, nor indeed under any circumstances could geological results 
of interest be looked for from such a visit to a country already examined. It was useless 
his returning to the field again after this trip was given up. Mr. Ball had thus only a 
very brief season of work, scarcely more than two months out of the whole season. It 
would scarcely be fair to look for any large outturn of work in this short Vinfe. The ground 
on which he was engaged was difficult, and the intricate relations of the various groups 
of rocks must all be more thoroughly elucidated and worked out before any descriptive account 
of them can be published. 

Mr. Ball subsequently visited the wild district of the Luni Puthans, west of Upper Sind, 
where some traces of lignite had been seen. A full account of this visit has already appeared 
(Records, Geol. Surv., Ind., 1874, p. 145), so that it will be unnecessary to refer to it bore in 
detail. * 

The experimental borings for coal in the region of the Narbada have no^ yet led to 
# any discovery. Early in the year two borings were commenced, at Khapa and at Manegaon, 
in the valley of the Dudbi. Those were in the Mahadeva rocks, and were put down iu the 
hope of striking the coal-measures beneath. At the beginning of the monsoon these borings 
had reached 260 and 241 feet respectively from the surface, and were still in the covering 
rock formation, when the work was necessarily closed for the season. The labour was then 
transferred to the boring at Sukakhcri in the main valley, where a depth of 844 feet had 
already been reached. There, it may be noticed, the endeavour is to reach the rock under- 
lying the valley deposits, there being some grounds for supposing that the coal-measures of 
the Sitariva extend to the north. This boring has been carried down to the depth of 491 
feet still in the stiff kunkur clay. The 3-inch piping having stuck fast at 425 feet, the 
additional depth was attained with great difficulty, until finally it was found impossible to 
do more than draw the sludge filling in from the sides ; and the work had to be stopped. 
This boring had been commenced with such material as was available at the time, aud with 
the fkll expectation that rock would be reached at a less depth. It had also the further dis- 
advantage of frequent interruptions from want of piping ; much credit is, therefore, due to 
the skill and energy of Mr. Stewart, that he was able under the circumstances to push the 
work so far. 

No direct knowledge has, however, been gained upon the question to be solved excepting 
collaterally, that it would certainly be very costly to sink for coal through such a depth of 
superficial deposits. It may possibly 'be that these deposits are exceptionally thick at 
Sukakheri, and jb&t rocks may be nearer the surface elsewhere, and the question would 
seem of t sufficient importance practically, and of sufficient general interest to warrant a 
renewal of the trial in another spot. The lowest few feet of clay in the boring at Suka- 
khm were much charged with black ferruginous granules, single and agglomerated, suggest- 
ingjpmtwiW *he proximity of a laieritic bed which is by no means uncommon at the Vaso of 
tilt deposits, and tin. again mpst frequently oocura where the trap rooks occur 

(3Mh tWo conditions are seen to obtain at several points along the margin of 
tbfe r alley. « 
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Since the stoppage at Sukakheri near the close of the year, work" has 
Khajja and MJbegaon, % and progress has been already made beyond the 
stopping for the monspon. In December also two new borings were 
Tawa valley, at JJesla and the Suk Tawa : the latter is certainly in the 
former is in lower Maliadeva beds. The hope is to strike the Baraknr 
thus, if coal be found, to save twenty miles of rough carting from the Shapur or Bdtul coal-field 
to the south. As has already been fully explained, it is impossible to speak of success as any- 
thing more than a chance, inasmuch as no outcrop of these measures is seen north of the 
Shapur field. 

Mr. Willson steadily continued his mapping of the northern portion of the Bundel- 
kund Survey and finished several sheets of the 1-inch plans. One of the principal points 
of interest connected with this area is the great prevalence of quartz reefs or veins, having 
a very* constant Anil definite direction and occurring in largo number and of great size. 
There are also two systems of trap dykes in considerable number, and Mr. Willson finds 
evidence, which seems almost conclusive, that both these systems of trap-dykes are younger 
than the great quartz reefs, a conclusion of the highest interest as hearing on the geolo- 
gical history of the district. Mr. Willson has again resumed this work for the coming 
season. Mr. Willson’s mapping is always distinguished by care, neatness, and accuracy. 

Mr. Hackot resumed liis labour in Rajputana, mapping in a large area of the country 
lying between Bfiurtpur and Jaipur, and to the south, included in the sheets 27, 35, 37, 38, 
3t>, and 41 of. the Rajputana Survey, and in parts of 10a, 106, and 12 of the Gwalior Survey, 
(scale 1 mile — 1 inch). All tho rocks met with belong generally to tho sainec lass as those 
previously described by Mr. Hac-ket in the Biana hills, being chiefly quartzites, with very 
irregularly intercalated zones of schists, limestono, and trappean rocks resting upon or against 
gneissic masses. Mr. Haoket is disposed to adopt the name attached to the general range of 
these hills as a general inclusive name for the whole series of rocks, and to oall them the 
Aravali series. 

This Work will be continued on Mr. Racket's return from furlough, on which he is now 
absent. It has been for some time anxiously looked for, as tending to fill in one of the great 
lacuna on the map of India, with a view to a general geological sketch of the country, and 
one of such importance that nothing very satisfactory can be done towards such a map until 
this portion of the country has been examined. 

Mr. Mallet accomplished the examination of Sikkim (British) and of the Western Dhuars. 
The interest attaching to this field, from tho probability of the coal forming an useful 
source of fuel, led to tho publication of Mr. Mallet’s report as quickly as possible. It has 
been issued with two geological coloured maps. Excepting in the Darjiling district his 
examination had to bo limited to a mere fringe of the mountains ; in places, indeed, even this 
much is beyond reach of the British boundary. There would appear to he some prospect of 
the Dfimuda coal of that region being made serviceable by the adoption of suitable eon* 
trivanceB for the utilization of such dust or powdery coal. 

Mr. Mallet's observations have led him to the conclusion that the Ddrnuda formation is, in 
this country, the lowest member of the rock series of the outer Himalaya ranges, the Darjiling 
gneiss being the topmost and youngest member of the same series. This, if etafirtned, is a 
result of very great interest and importadttp, and would tend to establish a well marked 
common horizon between the rooks of the Himalaya and those of the Peninsula of India. 
Mr. Mallet's researches, excepting in thfe point to which his attention wee specially directed, 
were necessarily rapid and cursory, and the maps can only be viewed as preliminary sketches. 
Until the country on either side is yorked up to this portion, no rpttty trustworthy or reliable 
section can he obtained from such isolated areas. # 
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‘ there have been four apprentices attached to the Geological Survey 
» funds granted for that survey. Of these four, one has no# been attached 
* nearly t#o years. During the present season he has been sent to the fjpld 
i assistants (Mr. flail), who reports that up to date he has been attentive and 

_ T learn, but that his progress is very small and very unpromising. Further 

experience will be necessary before anything definite can be said as to the future prospect of 
this student. The other three, although nominated at the beginning of the year and receiving 
pay as apprentices, have been doing nothing in connection with the Geological Museum or 
Survey, having been, under the sanction of Government, attending courses of lectures and 
instructions, at the Presidency College. Undoubtedly these lessons will enable them to 
appreciate better than they could otherwise have done the more technical knowledge which 
they are expected to acquire here. But the necessity for their devoting considerable time to 
this acquisition of what must be considered purely preliminary and coll&fceiyil knowledge pre- 
paratory to any study of geology or its bearings, will also undoubtedly prolong the time 
during which they must be merely learning. It I think, well be doubted how far the 
system of paying young men for learning what they ought Jo be able to prove their acquaint- 
ance with, before their appointment, can be very successful. Certainly the system of giving 
appointments in order to induce the holders of those appointments to make themselves ac- 
quainted with their duties has, in every other scientific pursuit, proved a failure. These student 
apprentices will be subjected to examination at the end of the season, when their general 
progress can be tested. • 

As customary, a small map of India is annexed, showing the present rate and general 
progress of the survey. 

Since the commencement of this survey it has ever been my anxious desire and aim to 
complete a general sketch map of the Geology of India. The conviction has grown stronger 
each successive year, that until this can be done, nothing really useful can be attempted in 
the direction of very detailed geology, and that our progress must necessarily be slow and 
irregular, until we shall have been able to fix even roughly the boundaries bet ween* 1 he known 
and the unknown. I still hope that^ I shall be able to complete such a map. But I deeply 
regret to say that during the last few years, very little advance has been made towards the 
accomplishment of this end. There have been for some years so many and such urgent 
claims on the time of the officers of the survey for work of various kinds! often not 
geological, and the staff of the survey has been so reduced by illness and absence, as well as 
by actual diminution of numbers, that very little progress has been possible in that which 
has always been recommended to be, and which has indeed been more than once ordered to 
be considered the first and main object of the survey, namely, the systematic and continuous 
survey of the country. I am fully aware of the value of the results often obtained from 
enquiries in isolated areas, and at <|etached and separate points. Striking instances of this 
might be given from last year’s work. Yet I am also compelled to think that these isolated 
enquiries are rarely of such immediate and urgent importance da to counterbalance the great 
and heavy disadvantage resulting from this very fact of their isolation. Each becomes a 
separate individual ease, which it is impossible to colligate into a whole simply because we 
bo knowledge of the connecting links in the chain. Indeed many cases might he 
it seems mtm than doubtful whether anything' is really gained oven in time 
necessarily imperfect and unfinishe^results. Afew years of devotion of the 
the staff of the auWey toxins one object would enable such a general 
‘ be publish^ fnbi$j|t of course to additions or corrections as the more 

map which accompaniii this w|>OTt wffl at once show what large 
#htcti the Geotoiticol SUmy of India as 'jW knows nothing of 
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its own research. But the difficulty in compiling a general map 
mucfy on the ftze or frequency of these gaps or lacuna j , lor, ol' course, th<=| 
to # be filled in afterwards, but on the fact, that without some yknOyrlc ctg Sl 
vening spaces, it is impracticable to correlate the rodka in one part of HHHP'y^wit* 
those elsewhere. Each district or area examined in itself is necessarily descriueoj, tj itself, 
the rocks which occur in it are reduced to a system, their succession traced out, and their 
relations one to the other determined so far as possible. Local distinclive names are given 
to such separate groups, and all is rendered aB complete as may be possible for that area . 
*The survey operations are meanwhile directed to some other locality, and the same process 
of examination is gone through, but the results are not exactly the same ; new sub-divisions 
of the rocks become necessary, new names are given to distinct groups, for local convenience 
ol description. This result is equally correct and equally satisfactory for its own area. But 
for any general it becomes essential that all these differences should be eliminated, how- 
ever roughly, and all reduced to one general system or scale, and this is precisely wlnit 
it is impracticable to do without some knowledge, however imperfect, of the country generally* 
which knowledge there is no means of obtaining while the officers of the survey are engaged 
in isolated localities and on special researches. 

Seeing then the very distant prospect which was before tlie survey of being able to work 
out any general map from their own researches, I have for some years devoted much atten- 
tion to proposing separate descriptions and in some cases separate maps of certain divisions 
of tlie country, so far as these were possible. Passing over papers descriptive of the general 
geology of districts, or eollectorates, (such as Surat, Gwalior, neighbourhood of Madras, 
Godavari, &e.,) a general sketch of the Geology of the Central Provinces was given so 
long since as 1871, of Orissa in 1872, of tho Bombay Presidency in 1872, of the North- 
Western Provinces in 1873, of part of Punjab in 1873, and a general sketch of the Punjab 
is now just ready for press, while a general sketch of Bengal will be taken Up also. These are 
all in addition to the vegular and more detailed descriptions of separate areas, coal-fields, &c.» 
&c. The most cursory reference to these sketches will show the impossibility of combining 
all into one system, without more knowledge of tho intervening areas, as yet unexamined, 
or, as the other alternative, reducing tho map to such large generalities as would get rid of 
these minor difficulties, but would at the same time make such a map of extremely little value. 

It is our earnest hope, however, that tho survey will he permitted to complete such a 
general sketch map as may prove useful and within a limited time. 

Publications. — Of the Memoirs of the Geological Survey op India, Yol, X, part 2, 
announced as nearly ready at the close of last season, was issued early in the year. This 
contained a descriptive account of the Geology of Pegu by Mr. Theobald, with map, &o. 
And at the close of the year, part 1 of Vol. XI, containing a report by Mr. Mallet on the 

Geology of Darjiling and the Western Dhuars, with two geological maps, &c., appeared. 

» 

Of the Records of the Survey, the usual quarterly publication was Bteadily maintained, 
and the volume for 1874 contains no less than twenty-three separate papers on varied points 
in the Geology of India. Four of these are valuable summaries of the geological results 
obtained during the visit to Yarkand with the mission recently returned from that country 
by our lamented colleague, Dr. F. Stoliczka. These with the. note ou th^ Atom-Artush, 
which will be found below, complete all he haf). brought into sha^e fot pbblication. Of 
practical papers, there are notes on the iron ores of Kumaon : onthe raw materials for iron 
smelting:' on Petroleum in Assam : on the subsidiary material* nsed%Vprbduction of artifi- 
dal fuel 
Ore, <fcc., 

hood of 


: on the building and ornamental stones, or ltmra: : on mawgancse 

Murreejof Kangra • of the Garo hills ; of tho country west pf Sind, 
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llt&ersi Godavari country. These with annual report, and an interesting paper 
ild. on some speculations as to the antiquity of the Huipan racetin Indja based 
Jnfe, fqjgpa the volume for the year, 

dntologia iNDtCA, only one part was actually issued during the year 18^4. 
A*s alreaffiPRaled in previous reports, the concluding parts of the Cretaceous Fauna of Southern 
India hacrbeen pressed forward in anticipation of their regular time of issue in order to com- 
plete this valuable series before the writer, Dr. Stoliczka, went away. This series was issued in 
full for the year 1873. And in addition, the commencing part of the Cephalopoda of Kachh 
by Dr. W. Waagen was published in anticipation of the regular time of issue, namely, for 
the first quarter of 1874. The absence with the mission to Yarkand of Dr. Stoliczka, and 
from ill health of Dr. W. Waagen, has prevented further publication during the year. Pro- 
gress was, however, made in the preparation of plates and drawings, and since the return of 
Dr. Waagen, the continuation of his detailed descriptions of the Kadhh, Cephalopoda has 
gone to press. The part issued contained full description and figures of a very interesting form 
of Rhinoceros (R. Deccanensis ) found by Mr. R. B. Foote in fluviatile deposits in Belgaum, 
Library. — One thousand and eighty-four volumes pr parts of volumes have been 
added to our Library during the past twelve months. Of this total more than one-half, or 
five hundred and fifty-seven, have been presented by different Societies and other institutions 
in exchange for the publications of the Geological Survey cf India, or as donations, while 
five hundred and twenty-seven have been purchased. The usual quarterly lists of these have 
been regularly continued in the Records of the Survey, and as customary, a summary \>f the 
various institutions from which donations or exchanges have been received during the twelve 
months is appended. We continue to render access to this very valuable library as general and 
as easy, as is consistent with the preservation of the books. And in very many cases, we 
find that from the special character of our collections, books have been available here, which 
could not be referred to elsewhere, either in Calcutta or indeed in India. In geological 
matters, quick and ready reference to the published results of other enquirers is perhaps 
more essentially necessary than in most other scientific enquiries, and we continue to look most 
anxiously for the transfer of our collections to premises where they can be rendered more 
easily accessible, and more generally useful, than it is possible to effect in our present 
greatly overcrowded apartments. 

Museum. — During the year all the collection forwarded to the International Exhibition 
at Vienna, which was intended to be returned to this country, was safely received back, and 
was again embodied with the general series. General notices of donations have been given 
in the Records for the year, while we continue to receive from the officers of the Survey itself 
valuable additions constantly. Of the so-called Sivalik fossils, a large and valuable series 
has been procured by Mr. Theobald in bis recent examination of the country. The examina- 
tion in detail of these is, I regret to say, almost completely impracticable from want of any 
space or room in which to open them out, though individual specimens have been taken up. 
But very important results bearing on the sub-division and ago of the different horizons of 
these rocks and of the imbedded fossils will undoubtedly arise, as soon as they can he care- 
fully compared and described. From Mr, A. B. Wynne also a good series of similar fossils have 
been obtained, procured from parts of the Rawal pindi and Jbilatn districts in which he has 
: bo«» working, and from the small range of bills on this side the Jhilam, called the Pabbi 
.liil^^Some fish remains and other things were procured by Fedden, and * good series 
iof ijroMmens from the upper, seeondaigr, and tqpary rocks of the Lower Godavari basin by 
1 To Mr. ^Hughes also the Museum is indebted for a veiy interesting series of 
' cmgitry adjoin^ tte^Milam pass* to the nortb of Kumaon, which prove 

Imt described as occurring near the Jfiti pass by Colonel 
o# knowledge t hose ^rmatj^ns, ^considerablj northeast. 

' at lea4 five different ■> formations, 1 ' Cretaceous, ■ J urassic, Triassic, 
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Permian, and Carboniferous and Silurian. A detailed list will be given in a future jjjbmber 
of the # Records.* , ^ 

* Meteorites. — Our* series has been enriched by pieces of the fall which oh 

the 23rd September 1873. These are of much interest from the fact of their having been 
procured at different places, though the structure and composition of the stones show that 
they are identical in their nature. One piece was found near the village of Mylsi, fifty miles 
to south-east of Multan, and two others at Khairpur, thirty-five miles east of Bhawulpur. 
The distance between the two places being probably more than ten miles. 

The collections have been kept in good order and safety during the year. 

T. OLDHAM, 

Supdt . of Geol. Survey, India , 
and Director of Geol. Museum, Calcutta . 


Calcutta, 
January , 1875. 


list of Societies and other Institutions from which publications have been received in 
donation or ^exchange for the Library of the Geological Survey of India during 
the year 1874. 

Batavia. — Royal Society of Batavia. 

Berlin.— German Geological Society. 

Ditto. — Royal Academy of Sciences. 

Bohn. — Naturhistorischen Yereins. 

Boston. — Society of Natural History. 

Breslau. — Silesian Society. 

Bristol. — The Naturalists' Society. 

Bru ssells.— Royal Academy of Science. 

Calcutta. — Agricultural and Horticultural Society. 

Ditto. — Asiatic Society of Bengal. 

Cambridge; Mass. — American Academy of Arts and Sciences. 

Ditto. — Museum of Comparative Zoology. 

Cambridge. — Woodwardian Museum. 

Copenhagen.— Royal Academy., 

Dijon.— Imperial Academy of Dijon. 

Dresden. — The Isis Society. 

Edinburgh. — Geological Society of Edinburgh. 

Ditto. — Royal Scottish Society of Arts. 

Ditto. — Royal Society, 

Glasgow. — Geological Society of Glasgow. 

Ditto.— Philosophical Society. 

Gottingen.— The Gottingen Society. 

Lausanne.— The Society of Natural Sciences. 

Liverpool.— Literary and Philosophical Society of Liverpool. 

London. — British Museum. 1 *v 

Ditto. — East India Association. , 

Dmd.— Geological Society of Loudon. 1 % 

Ditto.— India Office. 

Ditto.— Royal Institution of 
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Tup Altum-Aetfsh considered fjjom a geological point of view, 
~ by F. Stoliczka, Ph.L) 




(Veui, sed non t'idi.) 

As soon as the most important political business had boon con eluded by the signing* of 
the commercial treaty by the Amir, His Excellency Mr. Forsyth expressed a wish to visit 
the roViowned tomb of Sultan Satuk at Altum-Artusli. Tlie king accorded his permission, 
and instructed the Hakim Mahomed Khoja to assist us in travelling over the province under 
his care to whatever extent Mr. Forsyth might desire. 


Under the personal guidance of the Envoy, we— Dr. Bellow, Captain Chapman, Captain 
Trotter, and myself -left Yangishar on the 14th of February, reaching A l turn- Artush at a 
late hour the same day. As ail introduction to the difficulties in travelling, our baggage did 
not arrive till luprt day, and we bad to accommodate ourselves lor the night on the carpets 
of the floor in a spacious but tolerably warm room. A halt of two (lays was desirable to 
enable us to make all necessary arrangements for our further movements. However, before 
I proceed, 1 shall endeavour to give the reader an idea of the geographical position and limits 
of the country of ‘which I shall speak in the subsequent lines. 


The data are derived from a general survey by Captain Trotter and from information 
given by tho Hakim Mahomed Khoja. 

Altum-Artush, which is the chief place of tho province, lies approximately in east 
long. 7 6° 8' and north lat. 39° 41', therefore about twenty-three miles north by east of Yangishar. 
It is situated in the western part of the Ydak on th&Bogos, hero called Artush river, and north 
of a low ridge which separates the Artush valley from the plains. The southern boundary 
runs along this ridge for about ten miles west of Altum-Artush, and from there almost 
duo north to the crest of tho Koktan range ; then along this range eastwards of the Belanti 
pass (east long. 77° 47* and north lat. 40° 41'), and from tlienco in a south-eastern direction 
to the village of Kushtignak, some lifteen miles north of Fyzabad in long* 76° 42' 30" and 
lat. 39° *J8 f 30". From hero the southern boundary rnns close to the right bank of the 
Kashgar river, until almost opposite to whero tho Artush river runs into the plains. 


During the first lour days we all marched in company up the valley of the Bogos river 
to the fort Tangitar, about twenty-three miles to the north by west ; then to a Kirghiz camp, 
Baslisuguin, in a- north-easterly direction ; Tugunnatti almost eastern ; and Ajalcsugun in a 
south-eastern direction; the directions being from the last camps respectively. 


At A7jak-sugun Captain Trotter and I separated from the rest of the party, marching 
northwards along the road to Ash ti fan, to Jaitava, and from thence across the Jigda Jilga 
in a north-east by east P direction to the camp at Nibulak, crossing the Nibulak pass, pass- 
ing a second jilga, and turning then for almost nine miles more northwards to the Belanti 
pass, beyond which lies the valley of the Kakshal or Akaai river. On our return we passed 
Ayak-sugun, Karaul, about a mile from our former camp of the same name, and visited 
Kultislak and Fyzabad, returning to Yangishar on the 3rd of March. 


It was not a very favorable time fbr travelling in these regions, not so much on account 
of the cold, as in consequence of the heavy falls of snow which appear to occur over the 
whole of Thianshan during the second half of February and first half of March. During, 
the last few days of February we wer^almost constantly wading in fresh fallen snow, 
though on the saline plains it melted very rapidly* * 

The snow naturally interfered seriously with our ofaWa tlons* However, obtaining even 


but ;i little addition to our knowledge of these hffls, 
than remaining in our bOiuewhut*gloomy quarter^ 


iter* occupying our time 
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From a geological point of view the trip proved in many respects to be of considerable 
interest, particularly as supplementing some former observations made more to the west. 
Although there is not much variety in the rock formations we may distinguish three suc- 
cessive series. The most southern part of the province, along the foot of the hills, is formed 
of alluvial gravels and sand in whose unfathomable depths are swallowed both the Artush and 
Sujun rivers, before they can reach the Kashgar daria. Wherever irrigation from the latter 
is possible the fields appear to be fertile ; but in the contrary case, the land is not much more 
than a mere desert covered with low and scanty scrubs of Ephedra Sp. P The marshy grounds 
along the river are the breeding places of innumerable waterfowl. Brahmini ducks and 
pintails were already selecting sites for their nests on the 1st of March. The latter must have 
only just arrived. 

Where high gras*s occurs wild pigs are not uncommon. 


The second series includes the low hills which extend diametrically from north to south 
over about thirty miles, while the prevalent strike is from north-east by east to south-west by 
west. All these lower hills are occupied by ArtUsh beds, of which I spoke in a former com- 
munication. They are separated into two groups. The lower beds consist of greenish or 
reddish clays or sandstones, and the upper ones of coarse conglomerates, which on a hill south 
of Tangitar have a thickness of about a thousand feet. At their contact both groups 
generally alternate in several layers. An anticlinal runs almost through the puddle of their 
superficial extent. At the fort Ayak-sugun it is caused by a low ridge of old dolomitic lime- 
stones on which the Artush clays and sandstones found a firm support. To the 'south of it 
the beds dip at angles of about 40° and 50° towards the Kashgar plain, in remarkably 
regular and successive layers. North of the ridge, which has no doubt a considerable sub- 
terranean extent in an east to west direction, all the beds dip towards north by west at a 
similar angle. Approaching the higher range more recent diluvial gravels cover most of the 
slopes. The geological puzzle of finding strata of young beds as a rule dipping towards a 
higher range composed of comparatively much older rocks seems to me to be due, at least in 
this special case, to the phenomenon that the atmospheric waters which, descending on the 
crest, flow down the slopes of the high ridge, gradually soften them, and if a subterranean 
outlet facilitate it the softened beds are worn away. While this process is going on the more 
distant beds simply subside in order to fill the vacant spaces. In some cases a sinking or 
rising of the main range, or even an overturn of high and precipitous cliffs, seem to go hand 
in hand with the action of erosion, but it is not always the case. I hope to illustrate this 
idea by a few diagrams, partly derived from actual observations on some future occasion. 


A third series of entirely different rocks forms the main range of hills which are a 
continuation of the Koktan range, and in which, more to the westward, are situated the 
Terek and Chakmak forts* The average height of the range is here between 1,200 and 1,300 
feet, single peaks rising to about 1,600 feet. The whole of the southern portion consists, as 
far as I could see, of carboniferous* rocks, in which, however, {here is a great variety of 
structure. The lowest beds are very often a peculiar breccia-limestone passing into regular 
limestone conglomerate. Above this are beds of so^d grey dolomitic limestone, partly 
massive, partly stratified; the former possessing the character of reef limestone, and portions 
of it Are indeed full of reef-building corals, crinoid stems, and a large Spirtfer, the sections of 
which* when seen on the surface, have a striking r^embl&nce to those of Megalodon. 

North Of Tangitar and about Bash-su|un I met in several places great numbers of fossils, 
but thfjfJWA so firmly cemented in a calcareous matrix that only a few could be extracted. 

I Wdd recognise a small J&ellcrophon, Productus smireticulatus, and nn 
* A OO# JforebraMa was also very oommtfti. Hers about Bash-sujun and Tugur* 
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matti grepnish shales occurred ofben interstratified with the limestones, beds of which were 
highly carbonaceous ; the shales appeared to be unfossiliterous. 

• 

» The limestone hills, which, as already stated, are a continuation of the Koktan range* 
extend in a nortih -easterly direction the whole way to south of the Bclanti pass, where they 
are overlaid by a particularly well-bedded dark limestone very similar to that containing 
Megalodon north of Chungterok. On this limestone rest greenish and purplish sandstones 
and shales which occupy the pass and the adjoining hills to the north-west of it ; mineralo- 
gically these last rocks aro quite identical with what we understand under the name of 
" Bunter sandstem and it is by no moans improbable that the Belanti beds are also of 
triassic age, as they suocoed in regular layers those of the carboniferous formation. 

A peculiar feature in this part of the hills consists in the occurrence of extensive plains 
to which the name jilga is generally applied. It moans originally, I think, merely a water- 
course, and, on *a large scale, these plains may be looked upon as water-courses of former 
water-sheets. They occur at the base of the high range, and in some respects resemble the 
duns of the southern slopes of the Himalayas. North of Tangitar one of these large 
plains occurs within the limestone rocks, being surrounded by them on all sides. It must 
be about thirty miles long from east to west, and about sixteen from north to south. Several 
isolated limestone hills and ridges occur in it, and it is drained off by the Bogos and Sujun rivers, 
the former rising in the south-west, the latter in the south-east corner. The average elevation 
is abqut 5,000 feet. The greater portion is covered with a low scrubby vegetation, and, near 
the rivers, with high grass. The principal camping ground^ are Bash-sujun and Tugurmatti. 
The whole plain, which affords a good pasturage ground, U occupied by about 120 tents of 
Kirghiz during the summer. 

The next jilga is the Jigda Jilga. It differs considerably both in its physical situation 
and in its general character from the former. It stretches from west by south to oast by north 
for about thirty- five miles, while the diameter of the eastern half is about twenty and that of 
the western about twelve miles. Save for a few low hillocks it is almost a level plain throughout. 
On the nWth-western, northern, and north-eastern side it is bounded by the Koktan range, 
from which several water-courses lead into it, one about the middle from the north and one 
from north-east of considerable size, this containing a large quantity of crystalline pebbles ; 
the rock from which they are derived must be in situ near the axis of the ridge. A third big 
stream comes from the east, leading from the Nibulak pass. None of these streams had any 
water in them. On the south, east, and south-east the plain is bounded by the much lower 
hills composed of Artush beds, their slopes covered with gravel. 

An elevated gap or saddle situated in the south-west corner appears to connect this jilga 
with that of Tugurmatti. There is no drainage from this jilga ; all the water is absorbed by 
the enormous thickness of sand and mud which fills the entire basin. This accounts for the 
comparatively rich vegetation which exists in it. There are several stretches of regular 
poplar forest (P. nigra on P. bahamifera) up to ten miles long and four to five miles in 
breadth. Besides which there are several places occupied by regular jungle of Tamar ix, 
Myricaria , Ephedra, and the poouliar wormwood, from the seed of which the Kirghiz 
prepare satu. The Tamarix and poplars must absorb during their growth a very large 
quantity of the mineral salts with which the entire ground is saturated ; the wood on being 
burnt gives out a strong smell of sulphur and chlorine. 

The poplar trees are not healthy ; they resemble oak trees covered with mistletoe. The 
branches are short, stumpy, and bushy. It is evident that the trees onljf exist in consequence 
of the subterranean moisture. There are a great number of springs through the forest and 
on its edges, but on account of the level character of the plain no flowing streams exist 
except where there has been a vety heavy snowfall and very rapid melting. 
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* It is satisfactory to observe that within three marches of Kashgar there is snph a large 
supply of wood, though it is by no means good wood. I have already stated<that the entire 
soil r is very saline, and it is remarkable to see how snow melts on this saline ground. Thus 
about four inches of snow fell wMle we were there. In one day all was malted away on the 
saline ground, while near springs, where the saline matter has been gradually dissolved out of 
the ground, hardly any snow had melted. Where the soil is most moist or even swampy, and 
in river-courses, high reed-grass is abundant. The southern part of the jilga, particularly 
south-east of Taitma, is lowest, and here a large quantity of pure salt in small cubical crystals 
is collected. The fact that there is such a large quantity of saline matter, together with salt 
swamps in the southern part, seems to prove that this jilga at least and probably most of the 
others had been washed out by the sea, and that while others had gradually, though only 
partially, drained olf the saline matter, this one retained it because it lias at present no outlet. 
It is in fact a dried up saline lake, which at some romotc time was cut from the sea of 
which it was a fjord. 

Jigdft Jilga is occupied by about lot) to 170 Kirghiz tents; each tent may be taken as 
containing five souls. There are a few fields near Jigda caitp, and if there has been a large 
quantity of snow the crops are said to prosper very well. During the winter the Kirghiz 
are encamped in small groups near the different springs. They do iiqI keep many horses, 
but large numbers of sheep and goats and a few camels. One whole akoi is a light load for a 
camel ; when packed the blankets are made into saddles over the hump of tke animal. 

• 

A third jilga is south of the Bolanti pass and north-east of the Nibulub pass. It is 
about eight miles in breadth and the same in length. There are two large water-courses 
leading to it from the range. On the southern side it is enclosed by Artush and gravel beds, 
but whether an outlet exists is not known. It has no forest, nor any kind of trees or large 
bushes, and the grass vegetation is scanty, evidently on account of the dryness. A southerly 
outlet very likely exists. We mot a few Kirghiz encamped here from Ush-Turfan. The 
only supply of water they had was melted snow, and as soou as the snow-beds about arc 
exhausted, they have to retreat with their flocks to the Kakshal valley. • 


On the evidences of 4 ground-ice 1 in tropical India, during the TalchIr period, 
by F. Fedden, F.GJ3., Geological Survey of India.' 

Since the announcement by Mr. Blanford in 1856 (Memoirs, Geological Survey, India, 
Yol. I, page 49) of the occurrence of deposits supposed to be glacial in formations occupying 
the low lands of India south of the Tropic— those formations, moreover, being presumably 
of palaeozoic age— the fact bas hardly engaged the attention due to one so opposed to every- 
day experience at present. This neglect must, of course, be in a great measure attri- 
buted to doubt. Even among ourselves, observers of the Takhir boulder-clay have subse- 
quently attempted to offer explanations of its mode of formation without the agency of ice. 
But this view never obtained favour from those having the largest acquaintance with the 
deposits in question, jjgto have confidently looked forward to the confirmation of the judg- 

it had been pointed out from the first, that the mode of ice-action involved 
in which striation Would be the exception rather than thp tule, still, striation 
otdjr independent tfesibabny to be looked for in confirmation of the general 
boulder-bed had bo resemblance to the till, or the deep-moraine, of a conti- 
ajeept perhaps that the fide greenish silt so frequently forming the matrix 
:$l&s a great similarity to tfie well-kaown glacial mud*. It was equally 
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unlike the ordinary moraine deposits of glaciers ; the boulders exhibit, most commonly, 
considerable feathering or water-wear. The boulder-bed, too, is not usually a bottom bed, 
buj is generally intercalated with very regular and sharply bedded deposits. Lamination ,is 
moreover not unfyequently displayed in the boulder-bed itsUlf. These featured all point to the 
familiar circumstances accompanying ground-ice, where loose materials are picked up &y 
the freezing of the water in rivers or on the shallow margins of water-basins, and floated 
away to be deposited elsewhere. Even so it must happen that such ice-rafts get stranded 
with more or less violence, producing striation and polishing of the imbedded boulders and 
of the rocks with which they may come in contact, as also when urged onward by the accu- 
mulating force of an ice-blocked river. It was therefore confidently expected that sooner or 
later evidence of this kind would be forthcoming in the Talchfr boulder-bed. 

In January 1872 I had the good fortune to find an excellent example of this missing 
link $f evidences the place was visited shortly after by Dr. Oldham, who *dug out and 
removed a fine specimen of hard dense close-grained syenitic granite, of which one side is 
beautifully polished, scored and striated. This specimen is now in the Museum of the 
Geological Survey in Calcutta. •Notice was given of the discovery at the time by Dr. Oldham 
in a foot note to a paper by Mr. Blanford on the Geology of Nagpur (Mem. Geol. Sur., 
India, Yol. IX, p. 324).* The section was not then very well seen. But on revisiting the 
ground during the past season, I found the rooks much better exposed. A special record of 
the case is mad?, as it is not unlikely that the elements may before long obliterate what they 
have now lajd hare. The locality is near the little village of Irai on the right hank of the 
Pem river, not quite a mile above its confluence with the Wardha, and ten miles to west 
south-west of Ch&nda. 

The surface features of the neighbourhood for a considerable distance always form an 
important consideration in the discussion of any particular case of ice-scratching ; and even 
for these most ancient deposits we are not without some plausible conjectures on this point. 
From the very general fact of the Talchir group, and the other lower members of the series 
to whiclf they belong, occupying low ground in the actual drainage basins, and being com- 
monly overlapped by the succeeding members of the series, it is apparent that the actual 
basins are in a manner the reproduction of the pre-Talclrir ground-configuration. No doubt 
the ancient highlands had been greatly denuded to furnish materials for the thick deposits 
overlying the T&lchirs ; and they must have suffered further reduction from the denudation 
which has for the most part removed again those overlying groups. Yet it is probable that 
the existing contours give an indication of the pre-Talchir surface. If it be so, there is 
nothing here to support the notion of a glacier having reached the spot under notice. For 
many score miles round there is no commanding elevation of rock older than the Talchfrs 
from which an ice-stream could have descended. The supposition of an expansive ice-sheet 
would be s till more difficult to reconcile with the observed features. 

The general circumstances of the case under consideration thus lead us again to the 
supposition of ground-ice ; and this view is remarkably strengthened by the coincidence that 
this single instance of scratched boulders is found ih immediate connection with the only 
known example of a scored and polished rock-surface. The boulder-bed is here a bottom rook, 
resting upon compact Pem-limestones (Lower Vindhyan). For a length of 880 yard s along 
the river’s bank this underlying rock is exposed, displaying a large surface, polished, scratched, 
and grooved after the fashion so familiar tfo glacialists. The surface has. a slope of 12°— 1£° 
to the west, obliquely overeutting the strata, which have a dip of 8? . to west, south-west* 

• Mr. W. Blanford alao gave a brief notice of the fact, and of the general evidence fqr the existence of glacial 
forces at this early geological epoch in In£ia, at the Aeeting of the British Association at Bradford, 167$, Sections, 

p ». • ' 
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The striae and grooves ran in long parallel lines, having directions between north-east and 
north-north-east, oblique to the slope of the surface ; and from the manner in which the 
rock as affected at the edges of the few planes of jointing, it can be inferred that the move- 
ment was up the slope. It is, cof course, not certain that the present ^pclination of tfiis 
surface is the same as when the scoring was produced. The Talchirs have undergone con- 
siderable crushing and displacement, though this might well have occurred in soft strata 
without much affecting the hard rocks against which they rest; but the actual conditions 
are so far confirmatory of the view we have been led to— of an ice-raft being drifted against 
and impelled up an opposing rock surface. 

The boulder-bed itself- is strongly developed in the district, especially to the north, 
where the contained masses of foreign rock — limestone, quartzite, granite (pegmatite and 
protogine) <fcc. — are of huge size and very numerous. In the immediate vicinity of Irai. 
the boulders are for the most part small, a few attaining a major diameter of 2 feet and even 
2 feet 6 inches. Some of these boulders are worn smooth on certain sides only, and in the 
direction of the longest diameter ; others more rounded have a beautifully polished surface : 
they are moreover striated and scored in fine parallel straight lines, precisely similar to the 
rock-surface above described, and resulting evidently from glacial motion or ‘ground-ice.* 

These boulders are enclosed in a fine gravelly bed of heterogeneous material, conglomera- 
tic near the base, and intermingled with angular rough blocks and rock fragments. 

It would appear that the freighted ice-mass had travelled a long distance from the ffouth- 
wesi, through the Utnur and Edlabad (Idulabad) districts, where rocks occur of the same 
composition as that of the several boulders. 

The evidences for the glacial origin of these deposits is as conclusive as that for the ice- 
age formations of Europe. 

The latitude of Irai is 19° 58', elevation under 900 feet ; the most southerly known 
position of the Talchlr boulder- bed is latitude 17° 20', and only a little above the level of 
the sea. • 

Bombay, 

September , 1874. J 


Tbials of Raniganj Eibe-bbicks, by T. W. Hughes and H. B. Meplicott, 

Geological Survey of India . 


Amongst other investigations connected with the projects to utilize the Indian iron-ores, 
some fire-bricks that were furnished by the firm of Messrs. Burn and Company were ex- 
amined and tested in September last. 


They were made from various clays obtained in the neighbourhood of B&niganj and 
elsewhere, and were highly recommended as having stood the wear and tear of ordinary 
cupolas, and it was hoped that they would be found capable of standing the more heavy work of 
» Wa&t furnace. It wj^ll be seen, however, from the subjoined details of my experiments, that 
i^ware some defects in their composition, and that although they were quite as good, or 
lyfemewhat superior tothe Stourbridge fire-bricks which could be procured at the time, 
i of the excellence of GHenboig. 

gt trials, hqiweyer, of the same kind and degree as those conducted in the first 
do by Mr. Mediieott on bricks improved as suggested in the first report, and 
^:||at several of’ them stood the tegfc perfectly, showing no sign of cracking or 
er trials were made in the presence of Mr. Whitelaw, Manager of 
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the Bengal Iron Company’s proposed work, and others, who agreed in the favorable estimate 
formed of the quality of these bricks. 

* 

The experiments were, with the kind permission of Colonel H. Hyde, e. e„ Master of the 
Mint, conducted at' the Mint furnaces. ’ • 

Mr. Hughes, who conducted the first trials, reported — 

1. “ The fire-bricks tested by me were furnished by the firm of Messrs. Burn and 

Company, and are stated to have been made from fire-clay obtainable in the neighbourhood 
of Mallapiir/ 

“ The results of my experiments are— 

“ 1st . — That the material from which they are made is very refractory, and capable of 
resisting high temperatures without sensibly fusing. » 

“2 nd . — That the bricks, however, have failed to sustain the high character for excellence 
which Mr. Cowhan (the Manager of the Raniganj Pottery Works) has attributed to them, 
inasmuch as they shrink on being subjected to strong firing, and siiow a tendency to fissure. 

“ 3rd . — That compared with Glenboig fire-bricks they are inferior ; but compared with 
Stourbridge fire-bricks they are somewhat superior. 

“I attribute the shrinkage and fissuring to the texture being too fine; and this can only 
be remedied # by the addition of a proper amount of burnt clay in coarse powder, or some 
infusible substance like silica. The particles of silica (quartz) must not be too line, otherwise 
they may enter into combination with the clay. 

“The usual proportion of raw to burnt clay is \ of the former to of the latter, 
and I believe this proportion was adopted in the manufacture of the fire-bricks from Rdni- 
ganj. It does not appear to have answered however; but this was probably due to the burnt 
clay having been ground up too fine. On a purely practical point of this kind, I do not like 
to give a # decided opinion, as experience alone can determine what the proper proportions 
ought to be, and I would suggest that separate sample bricks be prepared, containing varying 
proportions of ground brick and silica, and the particles to he of varying sizes. A series 
of experiments carefully conducted will, I feel sure, enable fire-bricks to be made that will 
possess all the qualities requisite for the special purposes to which they may be applied/* 

12 th September 1874. 

Details of experiments. 

(A) . — The brick marked A was subjected to a temperature of over 3,000 Fahrt. in a 

wind furnace, the fuel being English coke. It was purposely broken in half. 

Remarks . — The«edges have stood well. 

1 ^! 

(B) . — Was heated in the same furnace as a Glenboig brick, at a temperature considerably 

higher than the smelting point of cast-iron. 

Remarks.— It cracked, and was fissured throughout. > « 

(0).— Was submitted to conditions similar to (B). * 

Remarks. — It is superior to fB), but it is internally fissured, It contains 
an excess of alkaline earth, which has. vitrified. * 1 \ \ 

(D).— Was inserted in a plumbago crucible to avoid coke^ This was 

carefully weighed and measured previous to %wrmn ] and after extraction 
Its tenderness was also noted. 
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• Remarks.—^ The edges have resisted fusion, which is a good quality, and its 

tenderness was not of an appreciable amount. It contracted, however, «more 
• * than I expected* The following were the measurement^ and weights : — • 

t Measurement before*inscrtion ... 9 V long- 2,* 1 J#ep. 

„ after extraction ... 9" „ 2 T 6 B " „ 

Weight before insertion ... ... it> 277 tolas. 

„ after extraction ... ... ... 275 J- „ 

This brick when externally examined appears to approach in texture much nearer 
the required standard than any other. 

(E) .— Was heated like the last in a plumbago crucible. It is made of pure fire-clay. 

Remarks . — I think it was too strongly burnt in the first instance, i. e. f before it 
passed into my hands. It cracked on being taken out of .the furnace and de- 
* posited on a cold floor. 9 9 

(F) . — Was tested in the same manner as (B) and (C). 

Remarks . — Like the other bricks, it exhibits fissures internally. 

(G. & 11). — Glenboig bricks, purposely broken, submitted to conditions similar to (B) 
and (C) and (F). 

’ Remarks . — It will be observed that there are no fissures. No contraction and 
no softening. , 

In tlie second series of trials conducted by Mr. Medlicott, ten bricks, made at the 
B&niganj works, were tested with one of Stourbridge brick and one of Glebboig brick, 
and also one common machine-made brick. They were kept for four hours in the gas 
furnace in plumbago crucibles — for the last two hours at the full blast. None showed any 
sign of fusion. The machine-made brick and the Stourbridge brick were badly cracked, 
and one of the Kaniganj bricks slightly so. The loss of weight was very marked in the 
Glenboig brick ; next so in the Stourbridge, probably due to the coarser texture of the former, 
and in both to their having been less well dried than the others. 

Five of the bricks were put into a coke furnace with a Glenboig brick, and Sve in a 
second fbrnace with a Stourbridge brick. The former furnace seems to have been most 
heated : even the Glenboig brick bent and broke, and showed as much vitrification as the 
others. In the other furnace, all were more or less damaged — the Stourbridge least so. 

Geological Museum, ) 

January 1875, j 


LIST OF DONATIONS TO THE MUSEUM, 

During October, Novembeb, and December 1874. 

Specimen of Asbestos from Kuran, Kohat Frontier. Presented by Captain N. Cavagnabi. 
An Elephant’s tusk, deeply eaten into by Porcupines, found in* the Meekir Hill J ungles. 
Presented by Captain J, Johnstone, s. c. 

Specimens of Opal in matrix from New South Wales. Presented by W. Dbummonp, Esq., 
'....y-, . Sidney. 

Coppar. Lead, and Antimony, and other minerals from the mines, Kulu, Punjab. 
"*} fixated by Mb. J. CUiVBBT, Xultj. 



from the Bozdar Hills, Trans-Indus. * Presented by Captaijj B. G. Sandbman, 
'IppjuawiosBB* Dera Gasi Khan. . 

quartz) in schistose .slates from PaLo&d, Madras. Presented by 
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ACCESSIONS TO LIBRARY- 


IJeom Ibt October to 31st December 1874. 

Titles of Boohs. * . Donors . . 

Abstract of the Reports of the Surveys and of other Geographical operations in India for 
1872-73, (1874), 8vo., London. 

India Office. 


Anstie, John. — The coal-fields of Gloucestershire and Somersetshire and their resources, 
(1873), 8vo., London. 

Barrande, J oachim. — Sjstdme Silurien du centre de la Bohdme, Part I, with plates, Sup- 
plement to Vol. I, and Yol. II, pt. 3, (1872-74) 4to., Paris. 

# • * #The Author. 

Brauns, D. — Der Obero Jura im nordwestliohen Deutschland, (1874) „ 8vo., Braunschweig. 
Cuvier, M. F. — Des Dents des mammiferes considdrdes comme caract&res Zoologiques, 
(1825), 8vo., Strasbourg. 

Darwin, C. — The structure and distribution of Coral Reefs, 2nd Edit. (1874), 8vo., London. 
Dawkins, W. Boyd. — Cave Hunting, (1874), 8vo., London. 

Denton, J. B. — The storage of water, (1874), 8vo., London. 

Edwards, Alphonse Milne.— Histoire des Crustacds Podophthalmaires Possiles, (1861), 
# 4to., Paris. 


The Author. 


M 


»» 


— Note sur existence d’un pdlican de grande taille dans les 
tourbieres d’Anglcterre, 4to., Paris. 


The Author. 


— Oiseaux Fossiles, (1869), 8vo., Paris. 


9 The Author. 

Falconer and Cautley. — P alaeontological Tracts, 8vo. 

Gaudry, Albert. — Animaux Fossiles du Mont Leberon, (1873), 4to., Paris. 

Geinitz, Dr. II. B. — Das Elbtbalgebirge in Sachsen, Theil I, lief. 4 — 5, Theil II, lief. 1 and 
2, (1872), 4to„ Cassel. 


The Author. 


»> 


f* 


Das Konigliche mineralogische Museum zu Dresden, (1873), 8vo., 
Dresden. 


The Author. 


Greenwood, Henry. — A manual of metallurgy, Yol. I, (1874), 8vo., London. 

Haast, J.-— Researches and Excavations carried on in and near the Moa Bone Point Cave, 

* Sumner Road, in 1872, (1874), 8vo., Christ Church. ^ 

The Author. 

How, Henry. — The mineralogy of Nova Scotia, (1869), 8vo., Halifax. 

Hunt, T. Stebry. — History of the names Cambrian and Silurian f |n Geology, (1872), 8vo., 
Montreal. * 

w „ —The coal and iron of Southern Ohio oonmdered ^S: relation to the 
Hocking Yalliy coal-field and its iron ores, (l||JNt)/8vo., Salem; 
Keene, H. G.— Note ou the stone industries of Agra, (1873); ftra* lEia^dr. 

* * , Y. Ball; 

Koninck, L. G. de.— Recherches sur lei Animaux Fossiles, l^^':jpL870), 4to., Bonn. 
Mackintosh, D. — The Scenery of England and Wales, (l^p^f^^ Jfaoftdon. 
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' Titles of Tiooks. Donors. 

Moissenet, M. L. — Etudes sur les Filons du Cornwall. Parties Riche? des Filons, with 
Atlas, J1874), 8vo. and 4to., Paris. w 

Oostee, W. A. — Petrification s remarquables des Alpos Suissos. Le Corallien de Wimmis, 
(18C9), 4to., Geneve. 


The Authob. 


Pfeiffee, Cakl. — S ystematische Anordnung und Bcschreibung deutscker Land-und Wasser- 
Sclineckcn, (1821), 4to., Cassel 

Pfeiffee, L. — Kritischos Register zu Martini und Chemnitz systeinatischen Conchy lien- 
Cabinet, (1810), 8vo., Kassel* 

Proto/oe Helvetica, Bd. II, Abth. 3. (1871), 4to., Basel. 

Quenstedt, F. A. — Petrefactonkunde Dentsclilands, Bd. Ill, Abth. I, heft. I — 5 and Atlas, 
(1873-71), 8vo., Leipzig. 

Report of the Commissioners appointed to inquiie into the several matters relating to coal 
in the United Kingdom, Vols. I — III, with Atlas of 15 lol. 
• plates, (1871), fisc., Loudon. 


A. Ramsay. 


Reybaud, Louis. — Le fer ct Ilouille, (1874), 8vo., Paris. 

RivtEee, I5mile. — Decouvertc d’un squelette Ilumain de TEpoque Patfolitiiique, (1873), 
4to., Paris. 

Robeet. J. P. — Dizionario Italiano- Inglese c Englese — Italiano, (1871), 8m, Firenze. 
Roth, J.~*Boitrage zur Petrographic der plutonischen Gesteine, (1873), 4to., Beilin. 
Seebaoh, Kael von.— D as Mittcldeutsobe Erdbeben vom 6 Mar/, 1872 (1873), 8vo., 
Leipzig. 

The Authou. 


Selwyn, A. R. C. — Notes and observations on the Gold-fields of Quebec and Nova Scotia, 
(1 872). 8vo., Halifax. 

Wilkinson, C.— Report on the Tin-bearing country, New England, (1872), fisc., Sydney. 
Young, John. — Physical Geography, (1874), 8vo., London. 

Zibkel, Db. Febp. — Die Mikroskopische Besehaflenkeit der mineralien und Gesteine, (1873), 
8vo., Leipzig. 

Zittel, Db. K. A. — Die Rauberhohle am Schelmcngraben, 4to., Miinchen. 

The Author. 


Zittel, Pbof.— Aus der Urzeil, 1st half, (1871), 8vo., Munchen. 


The Author. 


PERIODICALS. 


American Journal of Science and Arts,' 3rd Ser., Yol. VIII, Nos. 44 — 46, (1871), 8vo.. 
New Haven. 


The Editors. 

Annales des Mines, 7th Series, Vol. V, livr. 2, 1874, 8vo., Paris. 

L'Adminstb. des Mines. 


Annals qflA Magazine of Natural History, 4th Ser., Yol XIV, Nos, 81— *63, (1874), 8vo , 
London. 

Archiv fftr Naturgeschiche, Jahrg. XL, heft 1, (1874), 8vo., Berlin. 

SMottahqtift Uwiverselle et Revue Suisse. Archives des Sciences Physiques et Naiurelles, 
Yol XLIX Nos, 193-^196, an$ L, Nos. 197—200, 1&74, 8vo., 
<Jens|ju 
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Titles of Books . Donors. 9 

Bibliotheque ftnivorselle et Revue Suis^-, Vol XLIX t Nos. 193— 196. and L, Nos. 197— 200, 
• • and LT, Nos. 201 and 202, (18J4), 8vo., Lausanne, 

Coba, Guido. — Cosmos, Vol. II, Nos. 2 and 3, (1874), 8vo., Torino.* • 

Guido Coba. 

Geographical Magazine, Nos, 0—8, (1874), Roy. 8vo., London, 

Geological Magazine, New Hones, Decade II, Vol. 1, Nos. 9—11, (1874), 8vo., London. 


Indian Economist, with A griru 10 iral Gazette and Statistical Reporter, Vol. VI, Nos. 2 — 4, 
(1874), 4to., Calcutta 


Govt, of India. 


Journal de Concjiyliologie, 3rd Series, Vol. XIV, No. 3, (1874), 8vo., Paris. 


Tite Editors . 


London, Edinbmgh, and Dublin Philosophical Magazine and Journal of Science, 4tli Series, 
Vol? XLV1II, Nos. 317—319, (1874), 8vo., London. 

Luines le Due de. — Voyage d'Exploration ala Mer Mortc a Tetra et sur la rive gauclio 
du Jourdain, lief, 17 & 18, U874), 4to., Paris. 

Martini und Chemnitz. — Systematise lies Conchylien-Cabmet, lief, 228 — 231, (1874), 4to., 
. Nurnburg. 

Mineial Statistics of Victoria for 1872-73, (1873-74), fisc., Melbourne. 

s Mining Dept., Victoria. 

Nature, Vol. X, Nos. 251 — 260, (1874), 4to., London. 

Neue* Jain buch fur Miucralogie, Geologic, uud Palajontologie, Jalirg. 1871, heft 6 & 7, (1871)., 
8vo., Stuttgart. 

Pahuontographica, Baud XX, lief. 7, XXII, lief. 5, and XXIII, lief. 1 & 2, (1874), 4to, 
# Consol. 

Petebmann, Db. A. — Googiaphiseho Mitthcilungen, Band XX, Nos. 8 — 10, (1871), 4to., 
Gotha. 

„ „ Geographiselie Mittheilungen, Supplement Nos. 34—38, (1872-74), 

4to., Gotha. 

Pfeiffer, Db. Tj — Malako/oologische Blatter, Band XXII, Bg. 1—4, (1871), 8vo., Cassel. 

Pougendoref, J. C. — Annalen der Pliysik und Cliemie, Band 152, Nos. 7 & 8, and 153, 
No. 9, (1874), 8vo., Leipzig. 

Professional Papors on Indian Ergineering, 2nd Scr., Vol. J1I, No. 14, (1871), 8vo., Koorkee. 

Thomason College of Civil Engineering. 

Quarterly Journal of Microscopical Science, New Series, Nos. 55 & 50, (1874), 8vo., London. 

Quarterly Journal of Science, No. 44, 1874, 8vo., London. 

Reports of the Mining Surveyors and Registrars, Victoria, for quarters ending 30th June, 
30th September, and 31st December 1872, and 31st March 1873, 
and 31st March 1874, (1872-74), fisc., Melbourne* 

Mining Dbpt., Victoria. 

The Year-book of Photography and Photographic News Almanach for 1871-74, 8vo., London. 


GOVERNMENT SELECTIONS, Ac. 

British Burma.— Administration Report on the Hill Tracts, Northern Arakan, for 1873-74, 
(1874), 8vo., Stangoon. 


Chief OtaMissioaER, British Burma. 



84 


Records of the Geological Survey of India. 


[voij. vn u 


Titles of Boohs . Donors . 

Cfntbal Provinces. — Report on the administration of the Central Provinces for the yeai 
1873-74 by J. H. Morris, Esq., (1874), 8vo., Nagpur. 

" ’ Chief Commissioner, Central Provinces 

India. — Selections from the Records of the Government of India, Foreign Department, 
No, 114. Report on tSe political administration of the terri- 
tories within the Central India Agency for 1873-74, (1874), 8vo , 
Calcutta. 

Government of India. 

Pit if jab. — Selections from the Records of the Punjab Government, New Series, No. X. 

TL Himalayan Districts of Kooloo, Lab ml, and Spiti by 
Captain A. F. P. Harcouit, (1874), 8vo., Lahore. 

Punjab Government. 


TRANSACTIONS OF SOCIETIES, &o. 

Amsterdam — Jam bock van lict Mijnwe/en in Nedeilandsch Oost Indie, Jahrg. Ill, Deel 1, 
(1874), 8vo., Amsterdam. 

Royal Society of Batavia, 

Berlin. — Monatsbericht der konig. Preuss. Akad. der Wi&senschaftim /u Beilin, *Tuli, and 
Aug., (1871), 8vo., Beilin. 

The Acadtm\. 

„ Inlialtsverzeichniss der Abbandlungen der konig. Akad. der Wbsen&chalten /u 
Beilin, 1822-73, (1873), 8vo., Berlin. 

The Academy 

„ Zeitschrift der Deutschen Geologischen Gcsellsehaft, Bd. XXV, heft 4, & XX VT, 
heft 1-2, (1873-71) 8vo., Beilin. 

The Society. 

Bonn. — V erhandlungen des Naturhistorischen Vereins, Jahrg. XXXI, Band I, pt. 4, (1871), 
8 vo., Bonn. 

The SociErY 

Bbeslah. — A bhandlungen der Schlcsisehen Gcsellsehaft fur Vaterlandische Cultur Philosoph- 
historische, Abth. 1873-74, (1874), 8vo., Breslau. 

The Society. 

„ Einundfunfzigster Jahres-Beneht der Schlesischen Gessllschaft far Vaterlandische 
Cultur, (1874), 8vo., Breslau. 

The Society. 

Bruxelles — A nnuairer do 1’ Academic Royale des Sciences de Belgique, (1874), 8vo., 
Bruxelles. 

The Academy. 

Bulletins de TAcaddmie Royale d& Belgique, Vols. XXXV and XXXVI, 
(1873), 8vo., Bruxelles. 

The Academy. 

» 

Iffaoirea Couronnfo efc uutres M&noirea, Vol.JCXIII, (1873), 8vo., Bruxelles. 

4 , Thu Academy. 
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Titles of Book*. Donors . 

Bruxelles. •-Memou'es Couronnds ot Mernoires (L ic > Savant* Etrangers, Vol. XXXVII, 

» > (1£73), 4to., Bi uxelles. * • 

* ' The Academy. 

„ Mdmoircs do l'Acad. Royale de Belgique, Vol. XL, (1873), 4to., Bruxelles. 

* The Academy. 

Calcutta. — Journal of the Asiatic Society of Bengal, New Series, Vol. XLIII, pt. 2. 
Nos. 2, 3, (1874), 8vo., Calcutta. 

The Society r* 

„ Proceedings of tlio Asiatic Society of Bengal, Nos. 8 and 9, (1874), 8vo., Calcutta. 

% * ' The Society. 

Copenhagen. — Oversight over det kong. dansko Videnskabcmes Selskabs, Nos. 2 and 3, 

1873, and No. 1, 1874, (1873-74), 8vo., Copenhagen. 

» 

The Royal Academy. 

Dresden. — Sitzungsberichte der naturwissenschaftlichen Gesellscliaft, Isis, in Dresden, 
Jahrg. 1871, May and July, 1872 July to Septembor, 1874 
January to March, (1871-74), 8vo., Dresden. 

The Society. 

^dinbcrgh. — T ransactions of the Edinburgh Geological Society, Vol. II, pt. 3, (1874), 8vo., 
Edinburgh. 

The Society. 

Glasgow. — Proceedings of the Philosophical Society of Glasgow, Vol. IX, No. 1, (1874), 

8 vo., Glasgow. 

, The Society. 

„ Transactions of the Geological Society of Glasgow, Palaeontological Series, pt. I, 
4to., Glasgow. 

The Society. 

„ Transactions of the Geological Society of Glasgow, Vol. IV, pt. 3, (1874), 
8vo., Glasgow. 

The Society. 

London.— Journal of th$ East India Association, Vol. VIII, No. 2, (1874), 8vo., London. 

The Association. 

„ Journal of the Royal Geographical Society, Vol. XLIII, (1873), 8vo„ London. 

The Society. 

„ Proceedings of the Royal Geographical Society of London, Vol. XVIII, Non. 3-5, 
(1874), 8vo., London. 

The Society. 

,, Proceedings of the Royal Society of Londpn, VoL XXII, Noe* 152 to 154, 
(1874), $yo.» London. 

Royal Society. 

„ Quarterly Journal of the Geological Scjciety of London, Vol XXX, pt. 2, Nos# 118 
and y.9, (1874), 8vo., London. 

• 


Tsi Society. 
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Manchester. — Transactions of the Manchester Geological Society, Vob. I to Xll, (1851 73), 
8vo., Manchester. * 

The Society. 

Moscou — Bulletin de la Socidtd Impdriale des Naturalistes do Moscou, Tome XLVI, 
No. 4, (1874), 8vo., Moscou. 

The Society. 

Munchen. — Sitzungsberichte der math-phys. class dcr k. b. Akademie dor Wissenschaftcn, 
1873, heft 3, and 1874, heft 1, (1874), 8vo., Munchen. 

The Acadfmy. 

Munchfn. Bischoff, Dr. T. L. W. Von. — Ueber den Einfluss dcs Freilicrin Justus von 
* Liebig auf die entwicklung der Fhysiologie, (1874), Fvo., 

Munchen. 

Tuf Academy. 

, Pettenkofeb, Db. Max. yon. — I)r. Justus Frcikeirn von Liebig zum 
Gedachtmss, (1874), 4to , Munchen. 

The Academy 

. Vogel, August.-— Justus Freiherr von Liebig als begrundei d r Agriknit ui- 
Chemie, (1874), 4to., Munchen. 

Thf ’Ac a dv mi 

„ Vcrzeicliniss von 5,563 telecopischen sternen supple ment band XIII, (187 t) 
Svo , Munchen 

Tni Academy 

New Zealand. Hectob, James — Eighth Annual Report on the Colonial Museum and 
Laboratory, (1873), 8vo., New Zealand. 

J PtcroR 

Paris.— Bulletin de la Socidtd Gdologique de France, 2nd Ser., Vol XXIX, Nos 1 — 9, 3i d Sei 
Vol. I, Nos. 1-5, and Vol. II, Nos. 1—2, (1872-74), 8vo , P.nis 

The So( iety 

„ Oomptes Rendus, Vols. 66-76, and Table Gdndralc des Comptes Rendus poui 1 851-65, 
(1868-1873), 4to., Paris. 

L’ Acad, de Science de l' Institut de France. 

„ Mdmoires de Tlnstitut Impdriale de France, Vols. XXXVI, XXXVII, pt. 2, 
XXXVIII, and XLI, pt. 1, (1870-74), 4to., Pans. 

L* Acad, de Science de l* Institut de France. 

Mdmoires presentes par divers savants a l f Acaddmie des sciences de T Institut de 
France, Vol. XX, (1872), 4to., Paris. 

Ik Acad, db Science db l* Institut db France. 

Pest. — -Mitthoilungen aue dem jahrbucher der kon. ungar. Geologischcn Anstalt, Bd. I, 
lief 3, and II, lief 2 & 3, (1873), 8vo., Pest. 

The Institute. 

,< Mtgyu hir Foldtani intezil Evkonyve, Bd. II, pt. 3, (1873), 8vo., Pest. 

^ The Institute. 

d« Ntunmulites exposes i^V exposition Universelle & Vienna de V anndo, 
ft 1873, (1878), 8m, Peatr 


The Insthute. 
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VrsT. — Die ^sstellungs-Obj ecte der kon. ungar. Goologisohen Ansialt, (1873), 8vo., Pest. 

# % The iNSTWiJTr 

„ Dio Kdllektiv-Aussicllung ungai iseheu Kolilon auf der f7icnor Weltausstelluiu;, 
(1873), 8vo,, Pest. 

The Institute. 


Philadelphia. — Journal of i ho Academy of Natural Sciences of Philadelphia, New Series. 
Vol. VIII, pt. 1, (1874), 41 o, Philadelphia. 

Tiie Academy 


Proceedings of the Academy of Natural Sciences of Philadelphia, paits 
1 to III, (1873-74), 8 vo., Philadelphia. 


% « * Tjtk Academy. 

Plymouth. — Rcpoit and Transactions of the Devonshire Association, Vols. I — VI, pt. 1. 
* (1863 — 73), 8vo., Plymouth. 

Rome. — Bollettino R. Comitato Geologico d’ Italia, Nos. 7—10, (1874), 8vo., Rome. 


Geol. Comm, op Italy. 


Stockholm. — Svenges Geologiska UndersoLning, Nos. 30— 41, and 6 large maps, (1870), 
. 8vo., Stockholm. 


.Bureau Geol. Suede. 


PrrEKSBouHO. — Bulletin de 1’ Academic Imperialo dcs Sciences de St. Pctcrsbourg, 
Vol. XVIII, Nos. 3—5, and XIX, Nos. 1—3, (1873-74), 4to., 
St. Foteisbourg. 

The Academy- 


M£moi res de l'Acaddmio Impdriale des Sciences de St. Petersbourg, 
Vol. XIX, Nos. 8—10, XX, Nos. 1-5, and XXI, Nos. 1—5, 
(1873-74), 4to., St. Petersbourg, 

The Acadedy. 


Tasmania. — Monthly notices of Papers and Proceedings of the Royal Society of Tasmania 
for 1873, (1874), 8vo., Tasmania. 


The Society. 


Toronto.' — Canadian Journal of Science, New Series, Vol. XIV, No. 3, (1874), 8vo., 
Toronto. 


Canadian Institute. 


Turin.— Atti della R. Accademia delle Scienze di Torino, Vol. IX, Nos. 1 — 5, (1873-74), 
8vo., Torino. 

• The Academy. 

„ Bollettino Meteorologico ed Astronomico del Rcgio Osservatorio del 1* Universita di 
Torino, Anno VII, (1873), 4to., Torino. 

The Academy, 

„ Memorie delle Academic delle Science di Torino, 2nd Series, Vol. XXVII, (1873), 
4to., Turin. # 

The Academy. 

Vienna.— Abhandlungon der k. k. Geologischen Reich sans talt, Band V, heft 8# VI and 
VII, Nos. L& 2, (1873.74), 4to., Vienna. 

The 
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Vienna.— Jahrbuch der k. k. Geologischen Iteichsanstalt, Band X2£JII, Nos. e 3 and and 
XXIVj No. 2, (1873-74), 8vo., Vienna. 

, [The Institute. 

. K. K. Geologischen Reicbsanstalt, Catalog der Ausstellungs-Gegenstande bei der 
Wiener Weltausstellung, 1873, (1873), 8vo., Vienna. 

♦ The Institute. 

Verhandlungen der k. k. Geologischen Reichsanstalt, Jahrg. 1873, Nos. 11 — 18, 
and 1874, No. 7, (1873-74), 8vo. x Vienna. 

The Institute. 

„ Sitzungsberichte der kais. Akademie der Wissenscliafben, Band LXVI, Jibth. I, 

, heft 1 — 5, abth. II, heft 1 — 5, abth. Ill, heft 1 # — 5, Band LX^II, 

abth. I, heft 1-5, abth. II, heft 1—3, (1872-73), 8vo., Wien. 

The Academy. 

* • 

Washington. — Annual Report of the Secretary of the Interior on the operations of the 
» Department for 1873, (1873), 8vo., Washington. 

U. S. Geol. Survey. 

„ Bulletin of the United States Geological and Geographical Purvey of, the 

Territories, Nos. 1 & 2, (1874), 8vo., Washington. , 

The Suevey.^ 

, United States Geological Survey miscellaneous publications, No. 4. Synopsis 

of the Plora of Colorado, by John M. Coulter and T. C. Porter, 
(1874), 8vo., Washington. 

U. S. Geol. Suevey. 

„ United States Geological Survey miscellaneous publications, No. 5. Descrip- 

tive Catalogue of the photographs of the United States Geolo- 
* gical Survey of the territories for 1869 to 1873, by W. H. 

Jaokson, (1874), 8vo., Washington. 

V U. S. Geol. Suevey. 

jit, ( 

^'WELLINGTON. Hector James. — Meteorological Report for 1873, including returns for 
1871-72, and Abstracts for previous years, (1874), 8vo., Wel- 
lington. 

J. Hector. 

a.— Mjttheilungen der Deutschen Gesellschaft fur Natur und Volkerkunde 
Ost Asiens, heft 6, (1874), fisc., Yokohama. 

1 The Society. 
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